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INTRODUCTORY    NOTICE. 


The  followiDg  pages  are  intended  to  aupply  the  student  with  a  oomprehensiye  account 
of  the  present  condition  and  probable  early  history  of  the  external  crust  of  the  earth, 
an  elementary  treatise  on  the  science  of  Crystallography,  and  a  systematic  arrangement 
and  description  of  the  various  Minerals  found  in  nature. 

The  author  of  the  treatise  on  Geology  has  already  published  both  elementary  and 
practical  works  on  the  subject ;  and  to  one  of  these  he  feels  it  right  to  refer,  as  it  may 
seem  not  dissimilar  to  the  present  treatise  in  plan  and  treatment.  The  work  alluded 
to  ('*  Elementary  Course  of  Geology,  Mineralogy,  and  Physical  Geography,"  London, 
1850)  is,  howeyer,  in  reality  very  unlike  this,  and  adapted  for  a  different  purpose. 
It  may  either  succeed  or  accompany  this  Tolume  in  the  hands  of  the  student,  but 
cannot  be  substituted  for  it,  being  more  technical,  and  in  greater  detail  in  the  depart- 
ments of  Physical  Geography  and  Descriptive  Geology ;  while  the  Geological  portion 
of  the  following  pages  will  be  found  to  abound  in  generalization, — ^theoretical,  descrip- 
tive, and  practical.  As  an  instance,  the  Author  may  mention  the  distinct  treatise 
on  the  application  of  Geological  Knowledge  to  the  Art  of  Landscape  Painting,  which 
forms  a  prominent  part  of  the  division  entitied  '< Fractieal  Geology"  The  novelty 
of  this  subject,  its  great  interest,  and  a  due  consideration  of  the  many  ways  in  which 
the  observations  of  the  Artist  and  the  Geologist  run  parallel,  form  an  ample  apology 
for  its  insertion ;  and  the  mode  in  which  the  subject  was  received  by  the  profession 
(when  it  formed  the  substance  of  a  series  of  Lectures  delivered  a  few  years  ago  at  the 
Suffolk  Street  Gallery,  before  the  Society  of  British  Artists)  has  induced  the  Author 
to  bring  it  forward  on  the  present  occasion. 

Many  other  practical  applications  of  Geology  have  also  been  dwelt  upon  at  con- 
siderable length,  but  these  hardly  require  explanation.  The  subjects  of  Water  Supply, 
Mineral  Fuel,  and  Mining,  come  too  frequentiy  before  every  man  engaged  in  active 

-^   pursuits  to  be  otherwise  than  interesting ;  and  the  space  given  to  them, 
though  considerable,  bears  no  undue  relation  to  their  real  impott»si&^, 
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It  is  only  necessary  to  explain  further,  that  the  descriptive  part  of  Geology,  and  the 
details  of  Palaeontology,  have  been  reduced  to  an  outline,  in  order  to  admit  of  a  fullfer 
development  of  other  divisions  of  the  same  great  department  of  human  knowledge.. 

The  treatises  on  Crystallography  a«d  Mineralogy  will,  it  is  hoped,  be  found  to 
contain  all  the  information  which  can  be  required  by  a  student  wishing  to  master 
the  elements  of  those  sciences.  The  various  forms  of  Crystals  are  referred  to  six 
great  classes  or  systems ;  under  each  system  will  be  fotmd  complete  lists  of  all  the 
minerals  known  to  have  assumed  forms  or  faces  belonging  to  it,  together  with  the 
angular  elements  which  determine  their  relation  to  their  axes.  Each  form  belonging 
to  the  system  is  then  described;  its  mathematical  properties  discussed;  simple 
geometrical  constructions  are  given  for  modelling  every  variety  which  can  occur  in 
nature,  as  well  as  rules  for  representing  them  on  paper,  and  laying  down  their  poles 
on  the  sphere  of  projection  or  its  map.  This  is  followed  by  a  list  of  all  the  species 
of  the  form  which  have  been  observed  in  the  Mineral  Kingdom,  the  symbols  used  by 
various  authors  for  their  description,  and  their  respective  angles. 

All  the  important  formuloe  for  the  calculations  of  the  angles  of  Crystals  are  given, 
and  these  formulos  are  solved  for  nearly  every  case  which  has  been  recorded  ia  the 
best  and  most  recent  works  on  Mineralogy.  Indeed  it  may  be  stated,  with  perfect 
propriety  and  truth,  that  this  is  the  only  treatise  at  all  available  to  the  student,  in 
which  the  systems  of  Crystallography  aro  treated  in  a  manner  suitable  for  the  class 
OP  lecture  room. 

In  the  systematic  description  of  the  principal  physical  properties  of  Minerals,  the 
chemical  arrangement  of  the  British  Museum  has  been  followed,  as  possessing  great 
advantages  for  those  who  may  avail  themselves  of  the  facilities  afforded  them  in  con- 
sulting one  of  the  finest  collections  of  Minerals  in  the  world. 

The  student  is  thus  presented  with  two  distinct  classifications  of  Minerals, — one 
in  the  Crystallography,  according  to  the  forms  of  their  crvstals,  and  the  other  following 
their  chemical  composition. 

London,  Nwmher^  1855. 
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Getiexal  IntToduotidllt^^ThQ  aclenco  of  Geology ^  at  €hc  present  day,  is  not 
by  any  tnfi^anB  tliat  coUaetioix  of  theoretit^  views  and  vaf^o  tiotions  whii^h.  it  was  sup^ 
]med  to  be,  and  to  some  extent  really  wae,  a  quarter  of  &  cimtury  ago.  Its  fiactis  ih^ 
immeroniis,  weR  nrrajiged,  nu^l  of  an  importance  that  cannot  be  qiicstioncd-  The  opimoos 
held  by  its  students  arc  bo^d  tipon  Turioua  minute  obacrvutioiia,  and  on  analogieB 
strictly  pMoaophicfll.  The  Teftaomnga  from  wbirh  vt»  conclusions  arc  drown,  aro 
Btrictly  mductive^  and  tlio  resulta  oljitaincd  arc  applieablc  to  varioug  practical  purpcraea, 
and  am  second  to  iiun@  in  importance^ 

^  It  cmbracea  also  a  wide  rang©  of  Icnowledg e,  aa  well  as  application — Physical  Geo- 
pppapiiy,  Chomifltry,  Mineralogy^  Zoology,,  and  Botany,  being  gucccRaivcly  called  on  for 
theaT  aid,  while  AgrlmiltuiE^f  Architecture^  Civil  and  Military  Enginemng^  and  Mining 
axe  all  dependent  on  it  for  much  ^aanlial  aaai^tancaf  and  are  hecoming  mam  eo  eyory 
day. 

Geology  is  now  generally  understood  to  indnde  aU  those  departments  of  the  Tariom 
sciences  of  observation  which  help  to  explain  or  dcseribo  the  actual  condition  of  Iho 
eartJi's  onrfiice,  and  the  TariouiS  phaaea  through  whie?h  it  has  pa3sed^  It  is  thus  at  the 
same  time  a  disscripfion  and  hifitoty  of  our  globe ;  and  although  thf^  mere  dcscriptiye 
p^it  ifl  rooogniaed  nnd^  a  diatiiLCt  name — Geogrophy^-yt^t  is  this  term  only  unideT- 
stood  genially  as  ai^yisg  to  the  earth  as  the  habitation  of  man,  and  with  rt^fi'renco  td 
the  disfcribirtioii  and  wants  of  the  Tarioua  famiiioa  of  the  human  race. 

The  past  history  iif  the  eartb,  using  this  tt^rm  in  its  most  extc«ndod  sense^  nc^seA- 
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sarily  involves  the  consideration  of  various  possibilities,  about  wbich  much  clever  argu- 
ment has  been  wasted,  and  much  ill-feeling  excited.  The  discussion  of  questions  of 
this  nature  is,  however,  as  unphilosophical  a«  it  is  undesirable,  for  tiie  duty  of  those 
who  pursue  science,  and  endeavonr'  to  reaoder  it  useful  to  the  genend  public,  is  clear 
and  straightforward.  They  have  to  present  facts  as  they  appear,  and  describe  nature 
as  she  presento  herself,  Tliey  may  indeed  suggest. inferences,  bot'they  have  nothing  to 
do  either  with  dcmbts  or  dogmas ;  and  in  all  cases  this  simple  ststement  of  truth,  as  it 
is  leeeiyed,  feH,  and  actedox^  cannot  be  other  than  right  and  useful,  from  whatever 
direetioa  it  oomes,  or  wiiaterer  difficulties  may  appear*  to  be  connected  with  its 
developmentv 

Physicadl  Mwgxayfiya— One  of  the  first  subjects  for  consideration^  in  a  treatise, 
however  brietfj  on  genen^GeoIogy,  must  be  the  actual  present  condition  of  the  earth. 
Without  aofme  knowledge  of  iMiy  there  is  no  fbimdation  on  which  to  build  useful 
geological  knowledge  of  any  laod^r-aU  is-*  -mgne^  nncertsm^  and  shifting,  and  any 
deductiaBsandcaacftiuioiurasto  former  conditions^orfimnerdianges,  are  almost  certain 
to  be  Mie,  or  lead  to  unsound  generalizatioitty  tmless  founded  on  actual  knowledge 
of  the  present  state  of  the  earth,  and  the  changes:iliat  now  go  on  owing  to  the  opera- 
tion of  known  causes. 

We  propose,  tiien,  in  the  present  paper,  to  give  siieli  outline  acconnts  of  the  surface 
and  external  crust  of  our  globe,  as  may  communicate  reasonable  and  correct  ideas  as  to 
its  possible  mode  of  formation.  We  shaU,  not,  indeed,  eater  into  detail,  rather  desiring 
to  direct  attention  to  the  great  sources  of  information,  than  pretending  to  offer  new 
and  unconsidered  statements,  but  we  hope  to  show  that  this  department  of  science  not 
only  requires  study,  but  fully  repays  any  attention  given  to  it. 

The  form  of  the  earth  is  well  known  to  be  that  of  a  slightly  flattened  sphere,— the  pole, 
or  imaginary  line  between  the  northern  and  southern  extremities,  being  shorter  than  a 
line  drawn  through  the  centre  to  meet  the  equator  at  opposite  points.  The  amount  of 
flattening  at  each  pole  is  about  13  j  miles,  or  in  other  words,  the  shorter  diameter  differs 
from  the  longer  by  26J  miles.  As,  however,  the  diameter  of  the  earth  is  nearly  8000 
miles,  the  difference  is  not  more  than  equivalent  to  a  flattening  of  one-sixteenth  of  an 
inch  in  the  case  of  a  three-foot  globe,  which  would  be  altogether  inappreciable  by  the  eye. 
There  is  no  reason  to  suppose  that  the  extreme  vertical  distance  between  the  top  of  the 
loftiest  mountain  and  the  deepest  point  of  the  ocean  exceeds  this  comparatively  small 
distance,  nor  is  it  possible  for  us  even  to  attain  a  knowledge  of  the  present  state  of  the 
interior  from  actual  observation  to  an  extent  at  aU  equal  to  this.  It  is  well  to  bear  in 
mind  these  facts  in  speculating  on  ihe  state  of  matter  so  far  out  of  the  range  of  our 
observation  as  the  interior  of  the  earth's  crust  must  of  necessity  be. 

The  surfEwe  of  the  earth,  which  may  be  stated  iu  round  nimibers  to  consist  of  two 
hundred  millions  of  square  miles,  is  somewhat  irregular,  though,  as  we  have  already 
seen,  the  proportionate  amount  of  the  irregularities  is  small.  About  three-fourths  of  the 
whole,  being  the  lower  or  recessed  portion,  is  covered  with  water,  varying  in  depth  from 
a  few  inches  to  ten  miles ;  and  the  whole,  both  land  and  water,  is  covered  with  a  film, 
probably  about  one  hundred  miles  in  thickness,  of  a  peculiar  gaseous  compound,  called 
by  us  air,  or  the  atmosphere.  This  would  be  equivalent  to  about  half  an  inch  on  the 
surface  of  a  three  foot  globe.  All  known  phenomena  of  light,  heat,  and  electricity- 
all  the  vast  and  marvellous  and  complicated  phenomena  of  vegetable  and  animal  life — 
all  the  chemical  changes  connected  with  the  distribution  and  production  of  mineral 
wealth— everything  we  know  of  or  think  of  in  the  earth,  or  can  conceive  of  as  con- 
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nected  in  say  way  with  ourselyes,  goes  on  within  this  nanow  bdt  of  a  hundred  miles 
aboTO  and  below  the  level  of  the  ocean,  or  the  half  inch  above  and  below  the  general 
siii£ac6  of  a  large  oomnlo^  globe  whose  diameter  is  thirty-six  inches.  Some  people 
have  endeavoured  to  iUustrato  the  condition  and  form  of  the  earth  more  £Euniliarly  by 
refeiring  to  an  orange,  but  the  thinnest  skin  of  even  a  largo  fruit  would  bo  more  than 
equivalent  to  the  whole  of  this  200  miles,  and  the  irrrg^ularities  on  the  smoothest  skin 
would  r^resent  gigantie  mountains,  compared  with  which,  the  Andes  and  Himalayas 
are  but  mole-hills. 

But  comparisons  and  analogies  are  not  always  the  best  modes  of  obtaining  ideas  on 

subjects  such  as  those  we  are  considering,  for  there  aro  many  things  that  are  important 

and  real,  in  the  phenomena  of  the  earth's  surface,  though,  when  reduced  by  comparison 

with  small  objects,  they  appear  insignificant.     Thus,  it  is  necessary  to  consider  some- 

what  closely  the  varieties  of  form  and  distribution  of  land  in  large  masses,  groups  of 

islands,  and  detached  islands,  the  distribution  of  water,  as  well  in  the  atmosphere  as 

on  land,  and  in  the  ocean;  the  way  in  which  the  land  is  distinguished  into  mountains, 

lofty  plateaux,  and  low  plains;  the  natural  separation  of  the  land  into  dndnagc  areas; 

the  existence  of  volcanoes  and  earthquakes,  the  phenomena  of  springs,  both  cold  and 

I   thermal ;  and  the  peculiarities  of  climate  in  various  ports  of  the  earth.  All  these  subjects 

j   are  introductory  to  Geology,  and  together,  they  form  the  science  of  "  Physical  Geo- 

!   graphy." 

The  natural  taste  for  fine  scenery  possessed  by  almost  every  one,  whether  with  a 
cultivated  intellect  or  in  a  state  of  nature,  and  the  marvellous  scenes  presented  to  our 
contemplation  in  different  parts  of  the  world,  must  suggest  some  inquiry  as  to  the  cause 
;   of  those  varieties  of  the  earth's  surface,  and  changes  in  atmospheric  condition,  which 
j   are  so  charming  to  the  eye  and  the  intellect.     Thus,  for  example,  wo  find,  in  the  cold 
:   and  almost  frozen  regions  of  Iceland  numerous  jets  of  boiling  water  spouting  into  the 
I   air  to  a  great  height,  lifting  up  large  blocks  of  stone  from  beneath  the  earth's  surface, 
and  projecting  them  to  an  enormous  height.     In  Switzerland,  only  a  day's  journey  from 
j   the  warm,  sunny  regions  of  Italy,  vast  rivers  of  ice  pour  down  from  lofty  mountains, 
I   and  spread  destruction  over  the  plains.     In  the  great  tropical  plains  of  Mexico,  some 
'   hundred  square  miles  of  country  have  been  thrust  upwards,  and  a  hill  of  sixteen  hun- 
I   dred  feet  formed  in  a  short  space  of  time,  from  which  fire  and  ashes  af&  vomited  forth^- 
aiDCompanied  by  melted  rock.  In  the  cold  seas,  in  both  the  northern  and  southern  hemi- 
spheres, near  the  two  poles  of  the  earth,  blue  mountains  of  ice,  loaded  with  vast  frag- 
ments of  tock,  are  every  day  broken  ofl^  and  floated  away,  and  conveyed  by  winds  and 
currents  to  warmer  waters,  where  they  melt  and  deposit  their  load.    On  our  own  coasts, 
and  in  the  south-western  parts  of  our  own  island,  huge  rooks  of  granite  are  worn  by  the 
sea  and  the  air  into  the  most  quaint  and  picturesque  shapes.    In  the  warm  seas  of  the 
Eastern  Ardnpelago,  myriads  of  little  insects  are  building  solid  and  massive  walls  of 
rock,  defying -the  power  of  the  waves,  and  slowly  but  surely  rising  up  frx)m  the  bottom 
of  the  sea,  and  apparently  increasing  the  quantity  of  solid  matter  of  the  earth.    It  is 
nstoral  to  inquire  what  is  the  meaning  of  all  this,  and  what  do  these  various  and 
striking  natural  appearances  teach  us  ?    In  reply  to  such  a  query,  it  may  be  stated, 
with  lefeience  to  our  present  subject,  that  the  study  of  these  grand  phenomena — the 
true  iuteipretatioD.  of  the  language  which  these  facts  speak— leads  directly  and  unme* 
lately  to  a  knowledge  of  the  ancient  history  of  the  earth ;  or,  in  other  words,  it  enables 
UB  to  judge  of  and  comprehend  that  progress  of  events  by  which  the  earth's  crust  has, 
in  Ha  doe  oome  of  time^  become  elaborated  in  the  form  which  we  now  see.    The 
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making  out  this  ancient  history  of  tho  fiarth — the  determination  of  what  has  been  by 

the  investigation  of  what  is  doing— the  comparison  of  past  results  with  present  effects 

these  are  the  proper  objects  of  the  science  of  Geology ;  and  rising  out  of  the  investiga- 
tions into  the  structure  of  the  earth's  crust,  there  appear  a  multitude  of  strange  and 
startling  conclusions — a  crowd  of  facts  concerning  the  ancient  inhabitants,  as  well  as 
the  ancient  surface  of  our  globo,  which  at  first  may  confuse  and  puzzle  us  by  their 
novelty  and  complication,  but  which  aU  fall  naturally  into  their  places,  when  they  are 
studied  fairly  and  honestly,  with  a  due  reference  to  existing  natiu'c. 

Geology  is  often  looked  upon  too  much  as  a  detached  science — standing  apart  from 
tho  rest— almost  repulsive  from  its  numerous  unfamiliar  expressions — overloaded  with 
technicalities,  and  although  interesting,  almost  too  difficult  to  approach.  But,  like 
every  science  connected  with  natural  history.  Geology  may  bo  a  source  of  great  plea- 
sure and  true  enjoyment  at  a  very  small  expense  of  time  or  trouble ;  though,  in  order  that 
it  may  be  so,  the  links  by  which  it  is  connected  with  other  sciences  must  be  perceived 
and  understood.  The  enjoyment  derived  from  travelling — from  visiting  beautiful 
scenery,  whether  at  home  or  in  distant  countries — is  at  the  present  day  feimiliar  to  almost 
every  one;  and  even  those  countries  we  have  not  seen,  have  been  so  frequently  and 
accurately  described,  that  we  may  be  said  to  know  them  almost  equally  weU.  This 
enjoyment  is  derived  partly  from  direct  observations,  and  partly  from  reflection  and 

comparison,  and  when  made  a  special  object  of  study,  involves  a  distinct  science ^that 

of  Physical  Geography— which,  however,  includes  a  large  group  of  facts,  equally  important 
in  themselves,  and  in  their  bearing  on  Geology.  Just  in  the  way  by  which  a  knowledge 
of  flowers,  of  insects,  of  birds,  or  of  beasts,  gives  a  fresh  subject  of  interest  to  the  traveller, 
and  sharpens  his  sense  of  what  is  beautiful  in  nature,  so  is  it  also  with  a  knowledge 
of  the  various  peculiarities  of  the  earth's  surface.  Such  knowledge  may  be  regarded  as 
the  most  extended  form  of  natural  history,  and  being  based  on  what  we  observe,  with 
regard  to  the  present  course  of  nature,  it  traces  out  and  describes  the  changes  and  modi- 
fications that  the  surface  of  our  planet  is  now  undergoing,  and  hence  enables  iis  to 
determine  other  changes  which  it  has  undergone,  from  the  earlier  periods  of  its  exist- 
ence up  to  the  present  time. 

In  such  a  description  is  included,  not  only  tho  history  of  mechanical  changes,  but 
of  those  also  which  have  affected  the  animals  and  vegetables  living  on  the  eaith,  or  in 
the  waters  of  the  sea.  Vast  and  almost  boundless  as  the  subject  is,  when  thus  contem- 
plated, there  are  yet  salient  points,  landmarks,  as  it  were,  which  characterize  certain 
parts  of  the  subject ;  and  on  these  the  attention,  once  directed,  will  readily  become 
fiLXod.  These,  then,  it  is  desirable  to  bring  prominently  forward  in  preparing  a  sketch 
of  Geology,  and  they  ^ust  be  arranged  in  such  order  as  to  illustrate,  as  clearly  as  possible,  * 
tho  conclusions  to  be  drawn  frx)m  their  consideration. 

Physical  Geography  may  be  described  as  involving  a  general  description  of  tho 
earth's  surface ;  not  in  regard  to  man  in  his  political  and  social  relations  (which  forms 
the  subject-matter  of  Descriptive  Geography),  but  with  reference  to  aU  mutual  relations 
of  matter  and  vitality  on  the  globe.  It  thus  comprises  a  very  large  and  important 
part  of  a  imiversal  knowledge  of  nature.  It  treats  of  the  general  conditions  of  matter 
iu  the  universe,  and  the  forces  by  which  it  is  affected,— of  tho  atmospheric  veil  which 
surrounds  the  globe,  and  the  various  appearances  belonging  to  it,  and  their  results, — of 
the  vast  ocean  that  covers  so  large  a  portion  of  the  solid  surface  with  an  uniform  fluid,-^ 
of  the  way  in  which  the  land  is  distributed,  the  disturbances  and  alterations  to  which 
it  is  subject,  the  mode  in  which  it  has  been  formed,  and  all  the  natural  families  of  vege- 
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tables  and  animala  that  either  exist  upon  it  now,  or  have  lived  there  in  former  times. 
No  minute  description  of  districts  can  answer  this  purpose — ^for  what  is  required  is, 
that  we  should  recognise  imity  in  a  vast  yariety  of  phenomena,  and  by  the  exercise  of 
thought,  and  the  combination  of  observations,  discern  that  which  is  constant  through 
innumerable  apparent  changes. 

The  object  of  the  present  paper  will  bo  to  place  in  order  several  groups  of  facts 
which  seem  adapted  to  illustrate  the  general  method  of  nature  in  the  constitution  of  our 
globe ;  and  there  is  no  question  that  such  knowledge  is  interesting  as  wcU  as  useful, 
and  ought  to  form  part  of  the  general  information  possessed  by  every  person. 

For  this  knowledge  and  studies  of  this  kind  do  not  merely  involve  the  communica- 
tion of  facts,  but  also  the  habit  of  making  the  best  use  of  those  facts ;  and  they  even 
possess  some  of  the  uses  of  more  abstruse  studies  in  teaching  us  to  think  clearly — ^to 
separate  that  which  is  unimportant — ^to  place  statements  and  facts  in  the  order  of  their 
relative  importance,  and  thus  to  obtain  a  habit  of  arriving  rapidly  at  just  conclusions 
from  good  grounds.  The  natural  sciences  possess  this  advantage  in  no  trifling  degree, 
when  studied  properly  and  with  reference  to  general  views. 

But  together  with  this  advantage,  they  possess  also  another,  namely — that  they 
appeal  to  the  feelings  and  the  imagination  as  well  as  to  the  intellect.  Science  seeks  to 
determine  facts,  to  develop  principles,  to  discover  laws.  Philosophy  strives  to  obtain 
vast  generalities  from  these  discovered  fragments— to  ascend  from  matter  and  its  proper- 
ties to  the  influences  which  affect  them,  and  the  superior  and  unseen  powers  at  work 
around  us.  *^  The  imagination  seizes  the  facts  and  the  theories,  unites  them  by  pleasing 
thought,  appeals  for  truth  to  the  most  unthinking  soul,  and  leads  the  reflective  intellect 
to  higher  and  higher  exercises ;  it  connects  common  phenomena  with  exalted  ideas,  and 
invests  the  human  mind  with  the  strength  of  truth.'' 

And  if  such  is  the  case  generally  with  science,  it  is  so  most  strikingly  with  those 
sciences  which  are  the  basis  of  all,— the  sciences  of  observation  included  in  Physical 
Geography. 

BKaterlals  of  wliich  the  XUurth  U  Formed.— As  a  first  step  in  the  investiga- 
gation  proposed  as  to  the  condition  and  appearance  of  the  earth,  let  us  call  to  mind  a 
few  of  the  principal  facts  concerning  our  planet.  It  has  been  already  observed,  that  we 
Hve  on  the  surface  of  a  globe  a  littie  flattened  at  the  poles  and  bulging  at  the  equator. 
Thrce-flfths  of  this  surface  is  covered  with  water,  which  reposes  in  the  hollows  or 
depressed  portions  sunk  a  certain  distance  below  the  general  or  mean  level,  whatever 
that  may  be. 

No  one  looking  at  a  globe  or  map  (see  page  6)  will  suppose  for  a  moment  that  the 
distribution  of  land  and  water,  and  the  relative  levels  of  different  parts  of  the  surface, 
are  points  essential  to  the  condition  of  the  earth,  either  physically  or  with  reference  to 
its  inhabitants.  The  land  is  oddly  grouped  in  triangular  areas.  A  great  proportion  of 
the  whole  land  is  in  the  northern  hemisphere,  and  the  bases  of  all  the  triangular  areas 
are  also  directed  northwards.  In  certain  districts  we  find  continents  or  large  tracts  of 
land, — in  others  islands  or  small  tracts.  The  islands,  too,  are  generally  grouped,  but 
sometimes  isolated.  These  must  all  be  considered  as,  in  some  sense,  accidental  pheno- 
mena, not  necessarily  existing  as  they  now  exist,  and  yet  having  a  very  important 
bearing  on  the  temperature  and  many  other  conditions  of  the  land.  Besides  the  land 
and  water,  our  globe  is  also  completely  encased  by  matter  in  a  gaseous  state.  Now,  a 
very  slight  acquaintance  with  Chemistry  teaches  that  these  three  conditions  of  land, 
water,  and  air  are  only  particular  forms  in  which  matter  exists,  owing  partiy  to 
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;0mp€!z»rtuje,    lad  partly  to  the   n^tora  oi  t^$  cDunbuifttiim  of  »  &w  elemciitar 

These  dimj^ntiuj  siibatanoea  are  hardly  m  miy  cosi?  met  with  in  a  simplii  state.  Thre< 
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ileeompoaitioiQ  and  ic&omhination  o£  diiTcri^nt  demcatB.     Xhe  actual  naturt]  and  con 
iition  of  the  true  elemqnta  k  a,  Buhjct^t  for  the  chenniat  to4iflcu3Sj  and  many  of  thcii 
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iroportiei  wo  njutb^r  know  nor  pci^isps  ever  can  Inow*  sinoe  we  ^^annot  mct^  with  then 
a  a  state  unaffected  by  tboHe  uniTerBal  laws  thmug^  whose  agency  the  ultimate  atomi 
Tiange  themaelyo-j  into  mum  dofinitrf^  form,  or  ara  left  without  dc£nite  obape,  ani 
piread  abroad  as  ^rasas  or  Suidj ;  but^  combincfd  with  cme  another  in  oertain  proportionff 
nd  uatiur  certain  conditions,  ^aj  are  preatmted  for  ov£t  mT€*Btigati<nu     They  mutually 
ict  upon  ono  another,  and,  constitutfld  as  they  are,  they  become  the  causo  of  peipetoiL 
DOTomeut  and  perpetual  change.     But  t^  ia  owing  to  an  a^eoi  of  which  we  know  fsi 
em  than  even  of  those  dai^y^  comprehended  ultimate  atoms.     lights  ht>at,  aod  thK 
I'arioui  fotms  of  EdDctricity  are^  so  fkr  as  we  can  discoTer^  but  different  phettomena  o 
no  weightleBS,  formless,  non-matenal  agent-*eviir  prt^ent,  ever  actiTC — diatnbuto* 
brouf  h  infimte  epeoe  ■  whose  proaonce  may,  pt  any  time,  and  in  cwry  pJaoej  be  renderei 
iistaatly  ovid^t;  and  which  is  possibly  brought  into  aotion  by  even  the  amdicat  oon 
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oeiyable  change  in  tlie  meohanical  position  of  oach  separate  atom  of  created  matter. 
This  agent,  affecting  inorganic  matter,  which  so  surrounds  us,  without  which  wo  cannot 
eonoeiyo  the  existence  of  motion  or  the  utUity  of  matter,  may  almost  ho  looked  upon  as 
representing  lif«  in  inorganio  nature,  and  as  the  mysterious  channel  hy  which  the  Author 
of  nature  has  seen  fit  to  exert  his  power  in  building  together  the  whole  znaterial 
universe. 

The  particles  of  matter  acted  on  by  antagonist  forces,  separating  them  from  one 
another,  and  attracting  them  towards  one  another,  aro  thus  collected  into  groups  in  the 
throe  conditions  already  alluded  to. 

The  solid  particles  are,  howeyor,  not  so  solid  but  that  those  which  aro  fluid 
may  detach  them ;  the  fluids  are  not  so  compact  but  that  some  portion  is  constantly 
being  absorbed  into  the  aerial ;  and,  on  the  other  hand,  the  aSrial  and  the  fluid  are  not  so 
loosely  compacted  togother  but  that  they  also  form  part  of  every  solid,  and  of  one 
another. 

Two  gases  (oxygen  and  nitrogen),  with  the  admixture  of  aqueous  vapour,  and  a  very 
small  proportion  of  a  solid  element  (carbon),  form  the  atmosphere ;  two  other  gases 
(oxygon  and  hydrogen),  one  of  them  the  lightest  known,  are  minglod  together,  and 
unite  in  the  liquid  form  of  water ;  one  of  these  (oxygen)  is  so  abundantly  present  in 
that  BQUd  rooky  matter  which  forms  the  greater  part  of  the  earth's  crust,  that  half  the 
weight  of  the  whole  mass  is  probably  made  up  of  it  The  absence  of  boat,  however, 
will  reduce  water  into  a  solid,  and  the  presence  of  heat  will  turn  the  heaviest  and  the 
most  solid  elements  into  air.  We  also  find  the  action  of  electric  forces  frequently 
-nawfing  a  re-azxanganent  of  the  particles  in  a  solid  mass — decomposing,  rocomposing, 
and  in  every  way  altering  even  those  things  which  we  may  bo  inclined  to  think  the 
Xeeat  changeable  and  the  most  permanent. 

The  first  lesscm,  then,  that  we  have  to  leam  in  contemplating  nature  as  she  is, 
involves  the  overturning  of  all  those  ideas  of  stability  and  permanence  which  aro 
so  fiMTiiliftT  to  alL  It  was  not  in  vain  that  (Galileo  said : — '^  £  pur  si  muovc/'  Not 
only  does  the  earth  move  as  a  mass,  but  everything  about  her  suffers  change.  In 
the  air  there  is  a  constant  absorption  and  distribution  of  fresh  particles  of  matter,  not 
only  as  the  sun  rises  or  sets,  but  as  it  varies  its  course  during  every  moment  of  the  day 
and  night.  All  nature  is,  in  Ihis  sense,  animated ;  for  the  sea  is  never  so  still,  the  air 
ia  never  so  oaJm,  but  that  these  silent,  invisible,  but  often  very  appreciable  changes,  go 
on.  The  whirlwind  and  the  tempest  are  not  the  only,  nor  are  they  the  most  important, 
of  these  movements ;  since  every  breath  of  air,  every  ripple  of  the  water,  would  disturb 
and  diaaxrange  the  perfect  equililnium  of  these  two  so-oalled  elements,  did  it  ever  exist, 
or  had  it  ever  existed. 

It  will  readily  be  understood  that  the  air  and  the  water,  acting,  as  they  do,  upon 
one  another,  and  acted  upon  by  changes  of  temperature,  undergo  constant  change  in 
their  internal  condition.  The  mist,  the  cloud,  and  the  rain  are  indications  of  this, 
manifest  to  all,  and  every  one  is  only  too  well  aware  that  the  air  is  clearer,  or  less 
clear,  to-day  than  it  was  yesterday,  and  that  every  hour  is  marked  by  some  fresh 
modification.  And  though  not  so  immediately  manifest,  it  is  not  at  all  less  certain  that 
every  such  change  in  the  condition  of  the  atmosphere,  with  respect  to  heat  and  mois- 
ture, produces  also  some  result  on  the  more  solid  framework  of  the  earth. 

The  Atmospheze.— As  one  of  the  f(»ms  of  matter  on  which  much  of  the 
peculiar  condition  of  tibie  surface  of  pur  globe  depends,  it  itf  then  necessary  to  -oonsider 
with  some  care  the  nature  of  that  gaseous  envelope  which,  in  combination  with  wateiv 


8  CONSTITUTION  OF  THE  ATMOSPHERE. 

completely  encloses  us,  and  to  which  we  shall  be  obliged  to  refer  constantly  in  treating 
of  the  visible  and  solid  crust. 

Natural  as  it  may  seem  to  us  at  first  that  the  earth  should  be  provided  with  an 
atmosphere,  there  is  no  reason  whatever  for  supposing  that  other  planetary  bodies  are 
also  so  provided.  Our  sateUite,  the  moon,  is  without  any  such  covering,  and  it  seems 
almost  certain  that  there  i^  upon  its  surface  no  aqueous  vapour.  "With  regard  to  some 
planets  of  our  system,  and  those  distant  bodies  whose  very  light  is  years  and  centuries  in 
reaching  us,  we  know  nothing  with  respect  to  this  condition ;  but  we  must  look  on  all 
atmospheric  phenomena  as  practically  limited  to  our  own  planet. 

When  we  consider,  indeed,  the  use  of  the  atmosphere,  and  its  invariable  relation 
with  us  to  all  forms  of  life,  we  shall  find  that,  on  this  account,  as  for  many  other 
important  reasons,  the  earth  requires  to  be  studied  by  itself ;  and  that,  in  the  conclusions 
we  may  draw  with  regard  to  its  history,  or  the  comparisons  we  may  suggest  with  other 
bodies  of  our  system,  we  must  always  keep  within  narrow  limits,  and  not  venture 
beyond  reason  in  speculating  concerning  their  sentient  and  organic  beings.  Inorganic 
nature  appears  to  be  everywhere  governed  by  the  same  laws,  and  is  so  far  invariable  ; 
but  the  relations  of  inorganic  matter  to  living  beings,  may  differ  altogether  in  every 
case. 

It  is  necessary  to  put  prominently  forward  the  fact  of  this  isolation  of  our  planet 
with  regard  to  the  history  o^  its  modifications  and  their  bearing  on  the  phenomena  of 
life.  A  difference,  as  great  as  is  conceivable,  may  exist  in  this  respect  consistently  with 
the  perfect  imiformity  of  nature's  laws.  We  are  too  apt  to  dwell  upon  analogies  and 
resemblances,  as  well  as  differences,  in  minute  and  non-essential  matters,  forgetting  that 
the  true  resemblance  and  difference  must  be  sought  for  in  the  law,  not  the  operation  of 
the  law.;  In  nature,  indeed,  we  find  little  mere  repetition,  and  yet  we  see  everywh.erp. 
around  us  such  perfect  harmony,  that,  with  our  limited  faculties,  we  are  incHned  always 
to  expect  identity. 

Let  us  now  come  at  once  to  the  consideration  of  our  atmosphere  and  atmospheric 
phenomena.  Let  us  endeavour  to  learn  what  it  is — what  it  does — ^what  it  prevents. 
Let  us  consider  how  it  acts,  and  how  far  it  is  connected  with  the  conditions  of  organic 
existence. 

Air  is  a  mixture  composed  of  about  one  part  of  oxygen  gas  with  four  parts  of 
nitrogen;  but  the  atmosphere  also  includes,  under  ordmary  circumstances,  a  small 
quantity  of  carbonic  acid  (about  one  part  in  a  thousand),  and  a  considerable  proportion 
of  aqueous  vapour. 

The.  following  may  be  taken  as  representing  the  composition  of  a  thousand  parts  of 
dry  air  at  ordinary  temperatures  : — 

Oxygen 210*0 

Nitrogen 775-0 

Aqueous  vapour 14-2 

Carbonic  acid 0*8 


1000- 


Whether  we  climb  lofty  mountains,  or  take  the  air  at  the  sea-level,  this  composition 
is  fo\md  to  be  everywhere  the  same.  But,  in  spite  of  this  fact,  it  is  very  capable  of 
change  :  it  parts  readily  with  its  oxygen,  and  is,  therefore,  easily  decomposed ;  iron,  for 
instance,  fecilitates  its  decomposition  by  its  afSlnity  for  the  oxygen  of  the  air,  which  it 
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subtaracts,  and,  mixing  with  it  at  its  surface,  produces  what  wo  call  rust,  or  oxide  of 
iron.  This  property  of  parting  with  oxygon,  is  a  most  important  fbatuie  in  rcfcrenoo 
to  vegetable  and  animal  lifo :  all  organic  bodies  require  oxygen  to  live,  but  they  obtain 
it  with  a  certain  amount  of  mixture,  and  cannot  breathe  the  puro  gas ;  they  do  not, 
indeed,  require  the  nitrogen,  but  it  forms  a  medium  for  the  conveyance  of  the  other 
gas,  and,  by  a  delicate  arrangement,  the  proportion  is  such  as  is  best  adapted  to  their 
wants.  It  is  not  known  how  fax  either  animals  or  vcgotablos  ore  capable  oS  adjusting 
themselves  to  dififorently  proportioned  atmospheres ;  but,  on  the  other  hand,  there  is 
no  evidence  that  such  different  proportions  ever  had  existence. 

Perfectly  dry,  air  woidd,  however,  bo  eminently  unfitted  for  the  purposes  of  life. 
We  find,  accordingly,  that  air  has  not  only  the  power  of  absorbing  a  certain  amount 
of  moisture,  but  that  it  absorbs  it  greedily,  bscoming  charged  with  water,  not  merely 
in  the  state  appreciable  by  our  senses,  and  forming  mist,  steam,  or  cloud,  but  mingling 
with  it,  under  ordinary  circumstances,  and  in  a  manner  altogether  invisible.  In  fact, 
air  receives  water  by  a  process  and  in  a  manner  resembling  that  by  which  fluids  dissolve 
caiain  solid  bodies. 

The  capacity  of  air  for  water  depends  very  considerably  on  its  temperature,  and  it 
is  maioly  owing  to  tho  variable  conditions  induced  by  changing  temperature  that  most 
of  the  phenomena  connected  with  the  atmosphere  are  really  produced. 

In  considoring  the  relations  of  the  air,  its  mode  of  action  must  bo  carefully  regarded. 
Unlike  a  solidbody,  which  is  contained  within  a  limited  surface — which  has  a  definite  shape^ 
and  an  ascertainable  volume  and  weight ;  unlike  water,  also,  and  other  fluids,  which 
can  be  retained  in  vessels  while  wo  manipulate  concerning  them  and  ascertain  their 
properties— air  is  invisible  and  intangible,  and  so  clastic  as  to  accommodate  itself  at  once 
to  any  space  within  which  it  may  be  confined,  and  filling  all  space  which  is  not  otherwise 
occupied.  Still  we  must  always  bear  in  mind,  that  the  aerial  condition  is  strictly  a  form 
of  matter.  Air  is  heavy ;  it  presses  and  weighs  down  exactly  in  proportion  to  the  quan- 
tity of  matter  it  consists  of^  and  is  thus  modified  in  respect  of  weight,  both  by  the  quantity 
of  water  it  includes,  and  the  temperature  it  is  affected  by.  The  atmosphere  is  limited  in 
extent,  notwithstanding  its  expansibility ;  it  probably  reaches  to  a  height  of  sixty  or 
eighty  miles  beyond  the  mean  level  of  the  sea,  but  there  terminates  absolutely,  although 
it  gradually  becomes  of  less  density  in  its  higher  districts.  We  can  only  judge  of  the 
condition  of  the  limits  of  the  atmosphere  by  optical  and  electrical  phenomena. 

In  mentioning  the  composition  of  the  atmosphere,  it  has  been  referred  to  as  the 
important  agent  for  supplying  oxygen  to  the  plants  and  animals  living  upon  the  earth , 
and  this  is,  no  doubt,  one  of  its  most  important  uses  in  connection  with  organic  exist- 
ence. Without  it,  life,  in  the  sense  understood  by  us,  could  not  possibly  have  place 
upon  the  earth.  But  it  is  not  only  by  suppljring  in  its  proper  proportion  a  material 
essential  fin:  carrying  on  life,  that  the  air  is  directly  related  to  the  living  beings  on  our 
gjobe. 

It  is  also  adapted  to  tho  exercise  of  our  senses ;  and  first  in  this  respect  is  its  relation 
to  light.  The  sun  gives  us  the  great  proportion  of  light  which  we  enjoy,  and  the  reflected 
light  of  the  moon  is  also  very  important ;  but  how  very  little  of  either  do  we  receive  in 
direct  rays.  The  light  of  the  sun  would  be  of  small  advantage  to  us  but  for  the 
existence  of  an  atmosphere ;  without  it  we  must,  in  all  those  places  where  the  rays  were 
intercepted  or  were  not  directed,  remain  in  utter  darkness,  and  when  the  sun  had  set  no 
twili^t  would  moderate  the  transition  to  night.  AU  intermediate  conditions  between 
positive  brilliancy  and  total  darkness  would  be  wanting,  were  it  not  that  the  atmosphere 
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we  enjoy  has  the  property  of  reflecting  rays  of  light  in  any  direction,  just  as  a  looking- 
glass.  Each  particle  thus  lends  to  its  neighbour,  and  we  have  a  gradjiation  and 
equalization  of  light.  So  again  with  reference  to  sound :  this,  in  the  absence  of  an 
atmosphere,  would  not  travel,  for  what  is  it  but  the  effect  on  our  ear  of  certain  vibra- 
tions of  the  air,  without  which  it  could  not  reach  from  one  point  to  another  ?  Without 
the  adaptation  of  the  air  to  the  transmission  of  such  undulations,  the  earth  would  be  a 
soundless tspace,  destitute  not  only  of  all  the  enjoyments  which  we  derive  from  its 
various  modulations,  but  also  unfit  for  the  use  of  our  present  methods  of  communi- 
cating with  each  other.  The  sense  of  smell  is  another  faculty,  the  use  of  which  depends 
jon  the  existence  of  air.  It  is  true  that  odours  are  given  off  from  bodies,  but  these  are 
conveyed  to  our  organs  of  smell  by  the  air.  We  have  thus  three  senses — sight,  hearing, 
and  smell — depending  entirely  for  their  exercise  on  the  existence  of  the  gaseous  envelope 
of  the  earth. 

There  are  three  ways  in  which  we  must  consider  the  atmosphere  to  gain  a  view  of 
the  important  purposes  and  ends  it  fulfils  in  the  system  of  nature :  first,  as  in  motion ; 
second,  in  its  influence  on  moisture ;  and  third,  on  climate.  But  the  chief  consideration 
of  the  two  latter  must  bo  reserved  tiU  we  have  explained  this  chief  phenomena  of 
water  and  land. 

The  ordinary  movements  of  the  air  depend  chiefly  on  changes  of  temperature,  and 
.are  consequent  on  the  great  and  ready  mobility  of  the  particles  of  air,  when  separated 
by  heat,  or  brought  together  by  cold.  Wind  is  only  air  in  a  state  of  motion ;  but  how 
is  this  motion  originated  ?  We  shall  see  this  by  taking  the  case  of  the  sea-coast  within 
the  tropics.  The  sun  shines  with  great  heat  equally  on  the  land  and  the  water,  but  it 
a£fects  them  differently.  Shining  on  the  earth,  it  causes  it  to  receive  a  large  accession 
of  temperature,  but,  as  the  earth  is  a  bad  conductor  of  heat,  its  surface  remains  com- 
paratively hot ;  shining  on  the  water,  a  smaller  quantity  is  absorbed ;  but,  on.  the  other 
hand,  aU  thus  obtained  is  rapidly  communicated,  by  reason  of  the  conducting  power  of 
aqueous  particles,  throughout  the  whole  mass ;  and  thus  any  great  accumulation  of 
heat  in  one  part  of  the  sea  is  precluded. 

By  virtue  of  these  properties  of  fluid  and  solid  matter,  the  air  is,  at  different  ports  of 
tiie  twenty-four  hours,  subjected  to  a  periodic  change,  in  weight  as  well  as  temperature, 
like  a  continuous  ebb  and  flow.  Within  the  tropics,  the  barometer  is  twice  at  its  highest 
elevation — ^viz.,  about  nine  a.m.  and  ten  p.m.,  and  twice  at  its  greatest  depression.  This 
alternation  is  carried  on  with  the  utmost  regularity,  and  without  reference  to  other 
changes,  so  that  it  might  sometimes  even  afford  the  means  of  ascertaining,  with  tolerabla 
accuracy,  the  hour  of  the  day.  Within  the  tropics  climate  is  modified  by  the  galea, 
which  in  the  day  set  in  from  the  sea,  and  in  the  night  from  the  shore.  These  constitute 
the  land  and  sea  breezes ;  they  are  the  result  of  the  alternate  rarefaction  and  condensa- 
tion of  air  by  the  heat  of  the  sim  in  the  day,  and  the  cold  arising  from  radiation  at 
night.  These,  however,  are  causes  acting  only  within  limited  districts,  and  we  muflt 
look  for  other  causes  to  account  for  those  larger  and  more  general  displacements  which 
are  common  to  a  far  more  extensive  range  than  that  we  have  just  noticed.  We  must 
have  regard  to  the  configuration  of  the  earth,  and  the  manner  in  which  it  receives  heat. 
As  a  globe  revolving  on  its  own  axis,  and  receiving  heat  from  the  sun,  to  whidli  its 
surface  is  not  equally  and  alike  exposed,  we  know  that  it  will  be  heated  in  proportion  not 
only  to  the  length  of  time,  but  also  to  the  angle  at  which  the  rays  of  the  sun  strike  it. 
On  Ihis  account  l^e  tropics,  on  which  these  rays  fall  most  vertically,  are  the  hottest 
parba.    In  consequence  of  the  expansion  of  the  air  when  heated,  which  takes  place  in 
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acoordanoe  with  the  known  laws  of  the  action  of  hoat  upon  any  gas,  the  density  of  the 
air  is  then  lessened,  and  it  asoends  to  a  higher  region.  To  compensate  for  this  loss,  and 
tb  restore  the  equilibrimu,  a  body  of  cold  air  rushes  from  the  north  and  south  pales 
towards  the  equator.  But  besides  these  two  currents,  whose  region  is  the  lower  part  of 
tbe  atmosphere,  there  must  bo  two  others  which  convey  the  air  which  has  been  rarefled 
oyer  the  equator  back  again  to  the  poles.  This  air,  however,  travels  along  at  a  great 
latitude  by  virtue  of  its  small  density  until  it  reaches  its  destination  at  the  poles,  and 
becomes  condensed.  But  those  tendencies  of  the  air  to  circulate  to  and  from  the  poles 
and  the  equator  are  greatly  modified  by  the  motion  of  the  earth  from  west  to  east. 
Bevolving  in  this  direction,  the  earth  drags  with  it  its  gaseous  covering,  which,  how- 
ever, being  of  much  less  density  than  the  earth,  is  less  affected  by  the  momentum  with 
which  that  body  revolves,  and  is  therefore  partly  left  behind.  In  consequence  of  the 
earth  being  a  sphere,  its  motion  on  its  axis  near  the  poles  is  nothing  compared  with 
that  at  the  equator.  Thus,  on  the  whole,  a  westerly  direction  is  given  to  the  polar 
currents. 

A  part  of  the  air  being  left  behind  by  the  earth  in  its  motion,  sweeps  tlie  surface  in 
a  Erection  opposite  to  that  of  the  earth.  This  forms  the  trade-winds,  which  are  met 
with  28"  north  and  south  of  the  equator.  The  joint  result  of  this  direction  of  the 
motion  of  the  air,  one  current  being  from  the  cast,  and  one  from  each  pole  to  the 
equator,  is  the  formation  of  two  winds,  one,  formed  by  the  currents  from  the  north  pole 
and  from  the  east,  blowing  to  the  south-west,  and  the  other,  formed  by  the  southern  and 
eastern  currents,  setting  towards  the  north-west.  These,  however,  are  periodical  winds, 
depending  on  the  relations  of  the  earth  to  the  sun  at  different  periods  of  the  year,  and 
having  reference  also  to  the  form  of  land.  Of  this  character  are  the  monsoons,  which 
blow  within  the  tropics  from  the  south-west  from  April  to  October,  and  from  the 
south-east  from  October  to  April. 

It  is  not  known  with  certainty  where  particular  winds  originate.  Most  of  the  pheno- 
mena which  we  have  been  able  to  observe,  however,  show  its  commencement  on  the 
land,  acnd  indicate  dependence  on  its  configuration  and  physical  conditions,  such  as  the 
accumulation  of  a  great  mass  of  land  in  the  northern  hemisphere. 

After  the  motion  of  the  air,  its  condition,  as  charged  with  moisture,  may  be  noticed. 
The  &cility  with  which  hot  air  takes  up  water  is  well  known.  In  its  evaporated  state 
water  is  easily  conveyed  over  the  land,  and  the  quantity  is  sometimes  very  great. 
Sometimes,  by  -tihe  passage  of  a  body  of  dry  air,  lofty  monntaias,  as  the  Andes,  have 
been  denuded  of  their  covering  of  snow.  The  changes  in  the  state  of  the  atmosphere 
are  due  partly  to  changes  of  temperature,  and  partly  to  changes  of  electrical  condition. 
The  causes  are  difficult  to  make  out,  but  they  are  unquestionably  oonnectod  with  these 
agents.  It  is  easy  to  understand  how  air,  passing  over  water,  is  capable  of  chamgfing 
its  state  to  that  of  vapour,  and  how  afterwards  it  is  condensed ;  but  it  is  necessary  to 
eonjnder  the  subject  with  reference  to  different  parts  of  the  earth,  because  there  are  some 
facts  affecting  the  falling  of  rain,  which  are  not  alike  in  all  countries,  and  whieh  pre- 
sent difficulties.  When  the  air  is  charged  with  aqueous  vapour,  so  tiiat  it  cannot  hold 
any  more,  any  reduction  of  its  temperature  will  manifestly  bring  on  a  precipitation  of 
moisture. 

The  air  during  the  day  is  heated  by  ihe  sun,  and  in  that  state,  passing  over  the 
water,  absorbs  a  portion.  After  sunset  the  earth  cools  the  air  at  its  surface,  wluch  is 
tiierefiire  less  capable  of  retaining  moisture ;  it  becomes  denser,  and  deposits  its  moisture 
in  the  shape  of  small  drops ;  and  we  have  thus  the  ordinary  pheDomflfna  oi  dfirv  m  ova 
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own  country,  and  in  the  temperate  zone.  When,  however,  instead  of  this  change  taking 
place  after  sunset,  it  occurs  during  the  day  from  a  variation  of  the  wind,  or  some  other 
cause  which  we  shall  have  hereafter  to  explain,  then,  instead  of  this  dew,  we  have  small 
vesicles,  or  rather  globules,  of  water  suspended  in  the  air,  which,  if  near  the  earth,  form 
mist,  and,  if  above  the  earth,  become  clouds.  If  this  happen  over  the  surface  of  a  large 
body  of  water,  as  the  sea,  it  may  be  blown  by  the  wind  to  a  considerable  distance  till 
it  roaches  the  land,  where  it  is  differently  affected,  according  as  the  land  is  of  a  high 
or  low  tcmporatiu'e.  If,  in  its  progress,  it  encounters  two  currents  of  different  electric 
condition,  wo  shall  have,  perhaps,  a  hail  or  thunder  storm.  Snow  is  produced  when 
the  temperatiu'C  of  the  air  is  at,  or  a  little  below,  the  freezing  point  of  water,  and  is 
composed  of  drops  very  perfectly  crystallized.  When  the  temperature  is  much  lower, 
the  water  forms  into  hard  grains. 

The  quantity  of  rain  falling  in  different  places,  at  different  parts  of  the  year,  varies 
remarkably,  and  affords  matter  for  the  most  interesting  speculation.  Some  districts  are 
totally  destitute  of  rain,  though  no  doubt  air,  loaded  with  aqueous  vapour,  passes  over 
them  as  well  as  over  other  places.  In  South  America  an  earthquake  is  a  much  commoner 
phenomenon  than  a  shower  of  rain.  On  the  whole,  a  much  greater  quantity  of  rain 
falls  near  the  sea  than  inland,  while  vast  tracts  of  land  in  the  interior  of  continents 
often  receive  a  very  small  supply.  A  much  greater  quantity  of  rain  is  observed  to  fall 
in  Portugal  than  in  France,  and  much  more  in  the  southern  parts  of  England  than  in 
the  northern.  On  the  east  coast  of  Spain  there  are  places  where  rain  does  not  fall  for 
many  years  together. 

Such,  then,  are  some  of  the  appearances  and  results  consequent  upon  the  tbin^  tran- 
sparent, and  often-forgotten  veil  of  air  which  surroimds  our  globe.  Without  it  our 
existence  could  not  continue ;  the  whole  surface  of  the  earth  would  at  once  relapse  into 
the  darkness  and  stillness  of  the  grave.  Without  it  we  could  not  see ;  we  could  not 
hear ;  wo  could  not  breathe.  Without  it  the  sun  might  shine ;  but  his  beams,  com- 
municating light  and  heat,  would  be  useless  to  us,  and  to  all  nature  around  us.  There 
would  be  no  distribution  of  heat  or  moisture ;  no  beautiful  sky  to  contemplate ;  no  refresh- 
ing rain ;  no  purifying  wind.  The  absence  of  this  one — perhaps  it  may  seem  the  least 
important  of  the  powers  aroimd  us— would  involve  immediate  destruction  to  every 
living  thing.  On  the  other  hand,  its  presence  insures  those  changes,  and  produces  those 
modifications  of  the  great  powers  of  nature  that  minister  so  much  to  our  necessities,  our 
comforts,  and  our  onjo3rments.  It  is  surely  worth  while  to  know  something  of  a  portion 
of  the  globe  which  exhibits  so  much  that  is  interesting,  as  well  as  prevents  so  much  that 
would  bo  destructive. 

It  is  also  well  to  notice  here,  that  as  by  the  atmosphere  we  are  enabled  to  appreciate 
and  use  light,  so  by  light,  by  the  propagation  of  luminous  waves  through  that  inff- 
nitely  subtle  ether  whidx  pervades  all  space,  do  we  enter  into  relation  with  all  forms 
of  matter,  whether  existing  in  spheres  which  roU  onwards  in  their  coiuse,  or  forming 
that  portion — ^if  portion  there  be — which  exists  still  in  a  dispersed  form.  Light,  pro- 
pagated by  undulations,  and  sound — the  propagation  of  force  through  matter, — ^these 
are  strictly  analogous  phenomena,  and  these  connect  celestial  with  terrestrial  mechanics. 
All  matter  in  the  universe  is  governed  by  the  same  law  of  gravitation,  and  all  matter  is 
connected  by  the  atmospheric  or  etherial  envelope,  which,  in  one  way  or  other,  is 
existent  everywhere. 

Wat«r.~Theie  are  few  objects  in  nature  more  striking  or  more  affecting  to  tlie 
imagination  than  the  oontemplatioa  of  a  great  body  of  water  aocumolated  -i^-ithin  a 
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single  area.  This  appears  to  1>o  the  cose  whether,  standing  on  a  lofty  prominence,  at  the 
extremity  of  some  tract  of  land,  we  watch  the  long  swell  of  a  great  ocean  rolling 
steadily  but  unceasingly,  and  dashing  at  regular  intervals  against  the  shore  beneath  us, 
or  whether,  borne  across  the  wUd  waste  of  waters,  wo  sco  reflected  on  the  surface  the 
perfect  yault  of  heaven,  or  listen  to  the  fiiry  of  the  storm ;  whether  we  admire  the  tints 
of  evening,  or  watch  at  early  dawn  the  emersion  of  the  sun  from  the  bosom  of  the 
ocean ;  whether  we  trace  the  constant  flow  of  a  mighty  river,  as  it  moves  ever  onwards 
in  its  course,  or  whether,  planting  ourselves  at  some  favourable  spot,  we  listen  to  the 
noise,  and  watch  till  wo  are  giddy  the  boiling  torrent  of  the  waterfall.  In  whatever 
way  wo  allow  our  imagination  to  dwcU  on  this  theme,  it  stiU  presents  the  same  idea  of 
vastness,  indefinite  power,  and  untiring  motion.  The  sea  and  its  tributaries,  under  all 
circumstances  and  in  all  respects,  thus  deserves  special  notice  in  treating  of  Physical 
Geography ;  and  in  endeavouriiig  to  picture  some  of  the  many  instructive  phenomena 
presented  by  the  various  modes  of  action  of  the  aqueous  veil  that  partly  covers  our 
globe,  I  shall  be  appealing  to  feelings  readily  excited,  and  only  requiring  to  be  recalled 
that  they  may  be  considered  ia  their  mutual  bearing. 

When  we  class  the  phenomena,  we  shall  soon  perceive  their  meaning  and  importance. 
Thus,  the  great  facts  of  the  distribution  of  water  on  the  globe  require  to  bo  considered 
by  themselves  as  of  great  and  immediate  bearing  on  the  history  of  the  globe.  "We 
must,  however,  also  bring  under  consideration  the  motion  of  water— its  waves,  its 
tides,  and  its  currents — its  mode  of  circulation,  and  the  means  of  obtaining  that  constant 
supply  necessary  for  fertilizing  the  earth,  and  rendering  it  fit  for  animal  and  vegetable 
inhabitants.  And  then,  lastly,  there  is  the  effect  of  moving  water  upon  land :  so  that 
many  very  striking  and  interesting  phenomena  are  introduced,  much  observation  is 
needed,  and  many  conclusions  are  arrived  at  by  the  consideration  of  the  part  of  the  sub- 
ject now  before  us.  I  shall  only  be  able  here  to  point  out  the  principal  direction  which 
observation  has  taken,  and  inform  the  reader  of  a  few  of  the  great  results.  It  is 
a  subject  full  of  novelty,  full  of  difficulty,  and  full  of  interest ;  and  connected  as  it  is 
directly  with  the  subject  of  Meteorology,  it  is  already  assuming,  under  the  name  of 
Hydrography,  or  Hydrology,  the  character  of  a  definite  science. 

l^e  first  part  of  the  subject  involves,  as  I  have  said,  the  distribution  of  water  on 
the  globe.  The  details  of  this, — an  account  of  the  names  and  dimensions  of  those 
portions  of  the  great  ocean,  or  of  those  large  bodies  of  fresh  water  forming  lakes, 
which,  from  the  position  and  form  of  land,  have  been  designated  by  different  names, — 
aU  this  belongs  rather  to  Descriptive  than  Physical  Geography. 

The  distinctions  we  have  here  to  draw  are  of  another  kind.  We  wish,  for  example, 
to  draw  attention  to  the  fact  that  different  seas  have  very  different  physical  conditions ; 
that  there  are  some  large  tracts  occupied  by  salt,  and  others,  smaller  but  also  important, 
by  fresh,  water ;  that  there  is,  in  some  parts,  open  ocean,  and  ia  others  a  sea  dotted 
over  with  numerous  islands ;  that  there  are  large  tracts  of  deep  sea,  and  others  of  shoal 
water ;  and  that,  while  the  great  body  of  the  ocean  is  fluid,  there  are  small  portions 
near  the  poles  constantly  occupied  with  water  in  a  solid  form. 

The  water  on  the  surface  of  the  earth  exists  either  as  open  ocean,  con- 
nected throughout,  and  having  everywhere  the  same,  or  very  nearly  the  same,  mean 
level,  and  the  water  collected  from  the  clouds,  and  rushing  down  .with  various 
degrees  of  rapidity,  to  lose  itself  once  more  in  the  ocean  from  which  it  was  at  first 
derived.  The  ocean,  however,  is  one  essentially,  and  is  only  connected  with  the  other 
waters  by  a  constant  droulation  arising  from  ever-varying  conditions  of  tempera- 
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ture,  within  certain  limits,  whicli  are  characterigtic  of  the  present  position  of  our  earth 
in  space. 

The  general  proportions  of  water  and  land  are  clearly  as  10  to  3,  but  the  distribu- 
tion is  altogether  irregular,  the  land  beiag  almost  45onfined  to  the  northern  hemisphere, 
which  we  may,  therefore,  call  the  area  of  the  land,  while,  in  like  manner,  the  southern 
may  be  looked  on  as  a  vast  area  of  water.  Besides  the  usual  constituents  of  water, 
that  of  the  ocean  is  greatly  impregnated  with  eictraneous  matter,  the  principal  of  which 
is  common  salt,  in  the  proportion  of  three  per  cent.,  or  one-thirty-eighth  of  its  weight. 
The  density  varies  somewhat,  increasing  towards  the  tropics,  but  depending  locally  on 
the  amoxmt  of  fresh  water  thrown  into  the  sea  by  rivers.  Doubtless  this  saltness  is 
important,  by  reason  of  its  adaptation  to  some  forms  of  animal  life,  but  there  is  no 
ground  for  the  supposition  which  has  been  put  forward,  that  in  its  absence  the  water 
would  become  impure  or  putrid. 

The  distinctions  of  the  seas,  some  being  open  or  inland,  others  forming  bays  or  gulf^, 
according  to  the  shape  of  the  coasts  by  which  they  are  bounded,  need  only  be  mentioned. 
The  principal  accumulations  of  water  are  called  the  Pacific  and  Atlantic  Oceans,  the 
former  extending  from  the  western  coast  of  America  to  the  eastern  side  of  Asia  on  the 
.  north,  and  reachiag  the  antarctic  circle  in  the  south.  The  Indian  Ocean,  though  a 
portion  of  the  Pacific,  is  sometimes  designated  by  its  own  name.  The  Atlantic,  differ- 
':  ing  from  the  other  in  some  striking  respects,  extends  from  the  west  of  Europe  and 
Africa  to  the  cast  of  America,  and  presents  some  of  the  peculiarities  of  a  river  valley, 
its  two  opposite  sides  bearing  marked  relations  to  each  other,  both  of  figure  and  posi- 
tion. Thus,  looking  at  the  map  (see  Fig.  2),  we  see  the  projections  of  one  coast 
answer  to  corresponding  indentations  on  thie  other.  In  its  narrowest  part,  between 
Europe  and  Greenland,  the  Atlantic  canal  is  about  one  thousand  miles  wide,  whence 
it  opens  to  the  south-west,  according  to  the  shape  of  the  two  continents,  and  attains, 
in  the  northern  tropics,  the  breadth  of  more  than  four  thousand  nules ;  below  this 
point  it  inflects  to  the  north-west  and  south-east,  in  which  we  again  discern  the  cor- 
respondence of  the  two  coasts.  This  form  of  the  coast  lines,  combined  with  the  prevalent 
currents,  contribute  to  produce  some  striking  results,  which  will  appear  presently. 
Notwithstanding  the  great  efforts  which  have  been  made,  and  the  hardships  endured 
in  exploring  the  polar  seas,  little  is  as  yet  known  respecting  them.  Since  the  voyage 
of  Behring,  there  has  been  no  doubt  that  Europe  and  America  are  disconnected  by 
water  on  the  Atlantic  side  :  and  the  important  problem  that  has  recently  been  solved, 
in  proving  the  possibility  of  a  north-western  passage,  determines  the  question  long  dis- 
cussed as  to  whether  or  not  the  land  of  the  two  continents  were  connected  towards  the 
north  pole.  In  addition  to  the  two  great  oceans,  we  meet  with  salt  seas  occupying  a 
position  in  the  land  similar  to  that  of  a  peninsula  in  the  water,  being  almost  surrounded 
by  it,  whence  they  are  called  inland  seas ;  such  are  the  Caribbean  and  Caspian  Seas. 

The  general  depth  of  the  ocean  is  at  present  only  a  matter  of  speculation,  as  in  many 
parts  no  line  as  yet  has  reached  the  bottom.  There  does  not,  however,  seem  any  reason 
to  suppose  that  its  mean  depth  bears  any  corresponding  relation  to  the  elevation  of  monn- 
tains.  It  is  generally  in  the  open  sea,  at  a  distance  from  land,  that  the  depth  is  greatest; 
but  this  is  not  universally  the  case,  for  in  the  Pacific  the  bed  of  the  sea  has  an  abrupt- 
ness which  has  nothing  corresponding  to  it  among  mountains.  The  range  of  tem- 
I  perature  of  the  water  is  not  so  great  as  that  of  the  surface  of  the  land,  which  will  be 
easily  understood  by  a  reference  to  its  tendency  to  equality.  "With  respect  to  its  tem- 
J  per&ture  at  different  depths,  there  is  not  that  altarati<»i  whidi  a  consideration  of  the 
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tendency  of  heated  partiolcs  to  rise  to  the  surfaco  might  have  led  ns  to  expect.  In 
some  uutances,  however,  a  special  agency  is  at  work,  whose  operations  wo  are  able  to 
fbUorw.  The  most  prominent  of  these  consist  of  various  currents  beneath  the  sur&oe, 
'which  oonyey  tho  water  of  a  colder  region  to  a  warmer.  At  a  distance  from  land  the 
mean  temperature  of  the  water  at  tho  surfaco  is  higher  than  the  air  of  the  locality,  but 
this  is  subject  to  the  Tariations  of  tho  air  in  the  night  and  the  day.  Water  is  colder 
in  shallow  places,  as  on  a  bank,  than  where  it  exists  at  a  greater  depth. 

The  consideration  of  the  tides  is  a  subject  of  great  intorcst,  both  as  affording  material 
for  scientific  research,  and  as  bearing  on  the  important  art  of  navigation.  Their  con> 
nexion  with  the  changes  of  the  moon  was  noticed  ages  before  her  influence  received  any 
soientifio  explanation.  That  general  influence  which  the  moon  exerts  on  our  planet  is 
modified,  in  the  case  of  the  water,  by  the  capacity  of  its  particles  of  motion  amongst 
themselyes.  Chu:  satellite  moves  out  of  its  place  a  quantity  of  water  in  the  shape  of  a 
wave  on  that  side  towards  her,  and  this  wave  follows  her  appaient  course.  Thus  the 
water  of  an  open  ocean  would  attain  its  greatest  height,  each  day,  at  any  given  place, 
when  that  spot  came  beneath  the  moon's  influence.  At  the  same  intont,  however,  tho 
exactly  opposite  point  of  the  earth  would  appear  to  be  in  the  same  condition,  owing  to 
the  removal  of  the  earth  by  the  moon's  attraction.  There  arc  thus  two  tides  in  each 
twenty-four  hours.  The  sun,  though  so  much  more  distant,  also  produces  some  effect, 
and  thos  when  the  moon  is  full,  attraction  being  exerted  by  the  sun  at  the  same  time,  tho 
tides  are  at  the  highest. 

But,  although  these  are  the  general  effects,  considerable  modification  takes  place, 
according  to  local  circumstances,  such  as  strong  gales,  the  form  of  land,  the  shape  and 
size  of  the  channels  of  rivers,  &c.  Thus,  where  tho  banks  converge  in  the  shape  of  a 
fonnoly  tihe  tidal  water  is,  as  it  were,  gathered  up  and  rises  in  height ;  but,  if  it  expands 
from  the  mouth  inwards,  the  tide  dies  away,  and  is  lost ;  in  the  former  way  it  attains, 
in  the  Bristol  Channel,  an  elevation  of  from  seventy  to  one  himdred  feet.  The  time  of 
high  water  is  irregular  in  narrow  seas,  owing  to  obstructions  of  various  kinds ;  from  a 
cause  of  this  nature  the  tide  of  the  German  Ocean  is  twelve  hours  reaching  London 
B^dge. 

Oomieeted  with  these  phenomena  are  waves,  which  are  of  several  kinds— the  tidal 
wave,  or  wave  of  translation,  which  conveys  its  water  from  one  part  to  another,  and  the 
oscilLatuig  wave,  by  whose  agency  the  water  undergoes  no  change  of  locality,  but 
merely  of  form.  These  are  the  only  two  that  are  important  in  questions  of  Physical 
Geography. 

The  magnitude  of  waves  is  a  matter  which  there  is  some  difficulty  in  determining. 
The  ordinary  waves  of  the  Atlantic  have,  however,  been  observed  to  attain  an  eleva- 
tion of  about  twenty  feet,  with  a  length  of  one-himdred-and-sixty  feet,  and  a  velocity 
of  twenty-five  to  thirty  miles  per  hour.  Dr.  Scoresby  gives  about  the  same  as  the 
mean  elevation  with  rather  a  hard  gale  a-head ;  but  on  one  occasion,  with  a  hard  gale 
and  heavy  sqnaUiy  some  few  waves  attain  a  height  of  forty-three  feet,  with  a  length  of 
nearly  six  hundred  fiset,  and  a  velocity  exceeding  thirty  miles  an  hour. 

Marine  cmrents  are  of  various  kinds— one  produced  by  the  steady  action  of  uniform 
winds  sndi  as- the  trade  winds  and  monsoons,  and  not  reaching  below  the  surface  of 
the  water ;  anotiier  piodaoed  partly  by  the  culmination  of  the  water  to  the  equator, 
owing  to  1^  fbnn  of  the  earth  and  the  position  of  the  land,  and  partiy  by  the  apparent 
tendency  of  tfae>  water  to  rise  in  a  direction  contrary  to  the  motion  of  the  earth  on 
hi  ask*    Owing  ta  tibe  mobility  of  the  partidea  of  water,  theee  do  noi^  «q  t«u£^ 
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pcurtoke  of  tlio  motion  of  the  earth  on  its  axis,  and  tlms  is  produced  an  apparent 
motion  from  enat  to  west;  this  is  caJled  tlie  equatorial  ciirrent,  Anotttr  current,  analogous 
to  what  we  find  In  the  atmosphereT  sets  in  from  the  polos^  and  is  oceaaioned  hy  the  mahing 
of  the  cold  water  to  the  equator.     The  wotei^  of  the  Pajcific  Occim,  proceeding  friom  ■ 


:  la*  2,— aiAt  of  cuhs^xtb  im  thb  ^TLiUTnc. 


tho  antarctic  circle,  and  crossing  tho  equator^  striic  against  the  coast  of  Africa,  pro- 
ducing a  tuifcnt  through  the  straits  of  Madngaacar  (see  Fig.  2).  This  coming  down  the 
south  <iQast  of  Africa^  me^ts  another  ciurcnt,  and  both  come  round  the  Capo  of  Good 
Hope,  where  they  diyidc,  one  part  going  towards  tho  coast  of  America,  and  the  other 
pDrtion  joining  that  current  which  is  forced  along  the  African  coast,  and  mshmg 
towards  the  equator.  The  former  and  print^ipal  part  reaches  thti  coast  of  South  America 
in  about  the  latitude  of  Guinea,  and  is  hroken  into  two  portions — one  going  to  the  coast 
of  Brazil^  and  the  other  to  the  Gulf  of  Mesdeo.     This  latter  makes  a  complctf^  circle  in 
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the  yast  inland  sea  between  the  two  Americas,  and  comes  out  near  the  coast  of  Florida, 

taking  a  northerly  direction,  and  re-croeses  the  Atlantic  to  the  shores  of  Europe.    So 

certain  is  the  ooturse  of  this  circuitous  current,  that  bottles  cast  into  the  sea  at  the  part 

where  this  stream  has  its  rise  have  been  often  foimd,  after  a  certain  time,  on  the  coast 

of  Spain.    The  mean  speed  with  which  this  body  of  water  advances  ia  ten  miles  per 

diem,  but  in  some  jMurts  of  its  progress  it  flows  much  faster  than  at  others ;  that 

which  comes  from  Mexico  to  Florida,  called  the  Gulf  Stream,  travels  at  the  average 

rate  of  thirty-eight  miles  a  day,  and,  therefore,  there   must  bo  in  some  parts  a 

Teiy  slow  motion.     Such  a  current  as  this  has,  however,  very  important  effects. 

I    The  body  of  water  running  along  the  coast  of  Africa  across  the  equator,  becomes 

I    much  warmer  than  when  at  the  Cape  of  Good  Hope,  and  it  is  not  chilled  by  passing 

I    through  the  Gulf  of  Mexico.    This  vast  body  of  water,  three  hundred  miles  broad, 

i    of  considerable  depth,  and  issuing  very  warm,  tends  to  elevate  the  temperature  and 

I    modify  the  climate  of  the  coast  of  Europe.    Were  the  shape  of  America  different  from 

I    its  present  figure,  however,  and  the  current  not  forced  on  one  side,  warm  air  would  not 

;    then  be  conveyed,  and  the  temperature  of  Europe  would  be  considerably  changed. 

'    Another  important  oceanic  stream  is  an  Arctic  current  coming  down  from  the  poles,  and 

,    bringing  with  it  not  warm  air,  as  in  the  other  instance,  but  a  body  of  ice.   This  current, 

i    impinging  on  the  banks  of  Newfoundland,  produces  constant  fogs,  which,  for  weeks 

.    together,  never  move  from  the  coast. 

i         Clouds  and  &ain. — By  the  constant  evaporation  going  on  from  the  surface  of 
i    the  earth,  as  well  as  from  tho  sea,  moisture  is  continually  being  drawn  up  into  the 
clouds,  and  conveyed  to  different  parts  of  tho  earth ;   after  which,  by  various  causes, 
:    it  is  condensed,  and  precipitated  on  the  land.    This  occurs  particularly  in  mountainous 
\    districts,  from  which  most  large  rivers  take  their  rise — as  the  Rhine  and  the  Ehone. 
Some,  however,  instead  of  rising  among  moimtains,  originate  in  a  spring ;  of  this 
number  is  the  Danube.    Their  course  is  dependent  on  the  physical  structure  of  the 
coimtry  and  its  moimtain  chains.    Where  a  river  valley  is  large,  the  declivity  is  gene- 
rally less  considerable  than  where  it  is  more  contracted. 

The  formation  of  clouds  and  the  precipitation  of  rain  are  intimately  connected  with  the 
origin  of  rivers  and  springs.  The  moisture  which  is  extracted  from  the  earth  is  capable 
of  being  absorbed  by  air,  according  to  its  temperature,  and  in  this  state  of  vapour  is 
conveyed  to  considerable  distances.  When,  by  the  action  of  a  cold  current,  the  pre- 
sence of  a  lofty  mountain-chain,  or  any  similar  cause,  this  body  of  air  is  chilled,  it  is 
no  longer  capable  of  holding  its  moisture  in  suspension,  and  deposits  it,  according  to  the 
temperature  at  which  its  condensation  takes  place,  in  the  form  of  rain,  hail,  or  snow. 
The  quantity  of  water  collected  may  either  form  a  river,  or,  penetrating  some  permeable 
strata,  run  imder  ground,  tiU,  finding  some  external  outlet,  it  issues  as  a  spring. 
These  springs,  resting  on  impermeable  beds,  often  run  to  a  considerable  length  before 
they  find  an  opening.  The  general  temperature  of  springs  is  the  mean  of  the  climate  in 
which  they  exist,  but  where  they  rise  from  a  great  depth  they  are  usually  warmer. 
Their  water  is  always  charged  with  some  air,  and  many  of  them  contain  mineral 
substances,  as  carbonic  acid,  sulphuretcd  hydrogen,  or  nitrogen  gases,  soda,  ammonia, 
magnesia,  &c.  There  are  also  thermal  springs,  having  a  temperature  very  much  elevated 
above  that  of  the  surface. 

The  quantity  of  water  received  from  the  atmosphere  upon  the  land,  in  various 
parts  of  the  earth,  is  very  large,  being  estimated  at  not  less  than  thirteen  hundred 
millions  of  gallons  per  second  throughout  the  whole  year ;  at  least  one-halt  ol  ^3Q^ 
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quantity  is  believed  to  rum  off  the  sorface  into  the  sea  directly-  by  tbe  -yazious  nyeia  dii» 
tributed  in  all  lands.  Of  the  other  hal^  a  large  part  is  re-evaporated,  and  the  remain* 
ing  portion  passing  -within  the  earth,  supplies  natural  springSy  and  keeps  the  absorbent 
rocks  fully  charged  with  moisture. 

RWezs  and  River  Systems. — In  another  paragraph  the  subject  of  mountain- 
chmns,  table-lands,  plains,  and  valleys,  -will  come  into  consideration  in  detail.  At  pre- 
sent it  is  only  necessary  to  refer  to  the  commonest  illustrations  of  these  varieties  of  fom^ 
to  show  that  the  whole  of  the  land  must  necessarily  be  divided  into  certain  portions, 
within  which  the  drainage  will  be  constantly  tending  towards  some  one  or  more  outlets. 
The  various  ridges  that  include  such  areas  are  called  water'Sheda,  The  springs,  brooks, 
and  rivulets  which  combine  to  form  a  river,  and  are  thus  conveyed  either  to  the  sea  or 
aotme  depression  in  the  interior  of  a  continent,  form  what  is  called  &  river  system  draining 
a  river  baain;  and  within  each  principal  basin  are  often  oontained  numerous  and  widely 
distant  districts,  and  many  considerable  streams. 

The  largest  by  far  of  such  basins  are  on  the  continent  of  America,  where  we  find  that 
of  the  Amazon,  including  within  a  single  line  of  water-shed  upwards  of  a  million  and 
a  half  of  square  miles  of  land — an  area  three  times  as  great  as  that  supplying  all  the 
European  rivers  that  empty  themselves  into  the  Atlantic.  This  gigantic  stream,  the 
largest  on  the  globe,  runs  more  than  three  thousand  miles  (including  windings)  before 
reaching  the  sea.  It  is  navigable  almost  two  thousand  miles  &om  its  source ;  is  in 
some  places  six  hundred  feet  deep,  and  is  nearly  a  hundred  nules  wide  at  its  mouth. 
More  than  twenty  superb  rivers  contribute  their  waters  to  swell  its  voliune ;  and  the 
current  of  fresh  water  rushing  from  it  floats  over  tihe  denser  brine  of  the  ocean,  and  is 
easily  recognised  three  hundred  miles  from  the  shores  of  America. 

Nor  is  this  noble  stream  without  rivals,  although,  none  equals  it  in  extent. 
The  Mississippi,  together  with  its  main  tributaries,  the  Missouri  and  Ohio,  also  drains  a 
million  of  square  miles  of  land.  The  Missouri  only  empties  itself  into  and  forms  part 
of  the  Mississippi,  after  having  run  a  course  of  three  thousand  miles,  at  a  rate  varying 
from  four  to  five  and  a  half  miles  per  hour.  While  tie  Amazon,  in  its  progress  through 
tropical  forests  and  untrodden  wilds,  must  be  regarded  as  the  most  gigantic  of  streams, 
tiie  noble  and  majestic  Mississippi  still  retains  and  deserves  its  title  of  the  *^  Father  of 
Waters,"  owing  to  the  great  number  and  importance  of  its  tributaries,  whose  waters 
it  carries  down  from  the  shores  of  the  great  lakes  to  the  Gidf  of  Mexico. 

The  great  rivers  and  river  systems  are  to  be  regarded  in  reference  to  the  oceans  with 
which  they  are  connected.  Thus  the  Amazon,  the  Plata,  and  Orinoco,  in  South 
America;  the  St.  Lawrence,  with  its  vast  lakes  in  the  North;  the  Hhine  and  Elbe; 
the  Neva  and  Vistula ;  the  Garonne,  the  Loire,  and  Seine ;  the  Tagus  and  the  Douro ; 
tiie  Guadiana  and  Guadalquiver ;  and  last  in  magnitude,  but  first  in  importance,  our 
own  Thames,  are  connected  with  many  other  European  and  many  African  streapis, 
into  the  Atlantic  group.  The  Nile,  the  Po,  the  Rhone,  and  the  Ebro,  form  a  Mediter- 
ranean group ;  the  Danube,  the  Dnieper,  the  Don,  and  the  Dniester,  a  Euxine  group ; 
and  lie  Mississippi,  the  Eio  del  Norte,  and  the  Magdalena,  conveying  their  vast  torrents 
into  the  Gulf  of  Mexico  and  Caribbean  Sea,  form  yet.  another. 

Besides  those  belonging  to  the  Atlantic  group  and  its  adjacent  seas,  there  are  otber 
river  basins,  less  considerable  in  number,  and  less  extensive,  but  still  including  some  of 
gigantic  magnitude,  received  into  the  Pacific  and  Indian  Oceans,  and  others  into  the 
Arctic  Sea.  The  former  include  the  great  Chinese  rivers,  draining  nearly  two  millions  of 
territory,  and  the  rivers  of  India  scarcely  less  extensive.  The  Amour  and  the  Ganges,  the 
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Jrrswaddy  aad  the  Indn%  are  equally  interesting  for  the  extent  and  the  mode  of  their 
develcpneEat,  and  scarcely  less  so  from  histoncal  associations,  and  the  rich  products 
obtained  from  their  banks. 

The  Arctic  group  is  much  less  known ;  but  one  liyer  alone,  the  Obi,  runs  a  course 
of  more  than  two  ^ousand  miles,  draining  nearly  a  million  of  square  miles ;  aad  two 
others  are  only  less  considerable  in  the  area  they  drain,  but  surpass  in  magnitude 
most  of  the  streams  whose  names  are  far  more  familiar. 

Triilr^iMi  aad  Inland  Seas  farm,  as  it  were,  a  series  of  connectiiig  links  between 
the  small  expansions  of  a  river  and  the  great  ocean ;  and  the  Atlantic  receives  and  con- 
nects not  only  the  waters  of  the  chief  rivers,  but  those  of  the  largest  and  most  important 
of  these  bodies  of  water. 

The  chain  of  tlie  great  lakes  of  North  America,  notwithstanding  their  vast  propor- 
tkm.  and  great  depth,  are  but  occasional  hoUows  in  table-lands,  imperfectly  drained 
by  the  rivers  that  traverse  them.  The  lakes  of  Europe,  small,  indeed,  compared 
vith  these,  partake  of  the  same  character ;  and  the  inland  seas,  of  which  the  Gulf  of 
Mexico  and  Carribean  Sea,  on  the  one  side,  correspond  with  the  Mediterannean  and 
Euxine,  of  the  other,  are  open  to  the  ocean,  and  their  waters  are  freely  mixed  by  cur- 
rents, though  imperfectly  in  the  latter  case,  owing  to  the  narrowness  of  the  neck.  All 
Hiese  bodies  of  water  have  their  peculiar  characteristics,  and  produce  much  effect  on 
the  adjacent  land.  They  each  possess  a  history,  and  each  has  seen  many  changes  ere  it 
attained  its  present  form. 

The  characteristic  features  of  river  scenery  vary  in  different  countries,  being  greatly 
affected  by  the  nature  of  the  rocks  traversed.  High  blu£&  of  soft  sand  and  earth ;  vast 
open  plains,  with  little  elevation  in  any  part ;  narrow  rocky  gorges ;  sudden  changes  of 
large  tracts  from  a  high  to  a  low  level — ^these  all  may  be  mentioned  as  among  common^ 
though  not  essential,  features.  We  shall  have  to  consider,  in  a  future  page,  the  effect 
of  running  water  under  these  various  conditions,  and  the  meaning  of  these  peculiarities, 
when  translated  into  geological  language. 

Bistsibution  and  Fozm  of  Land.— The  proportion  of  land  rising  above  the 
mean  level  of  the  ocean,  has  been  already  stated  to  include  only  about  three-tenths  of  the 
snzface.  This  portion,  however,  though  comparatively  small,  presents  so  much  variety 
of  form  and  condition;  so  many  different  rocks,  vegetables,  and  animals;  such  varieties 
of  soil,  capability,  and  climate ;  and  is  so  much  more  important  to  us  as  men  than  the 
rest,  that  we  not  only  are  able  to  study  it  more  closely,  Wt  find  it  necessary  to  do  so 
for  the  purposes  of  existence,  as  well  as  the  advantage  oniiience. 

In  Political  and  Descriptive  Geography  the  land  is  divided  into  various  ideal  and 
ooBLT^ntional  portions,  with  which,  as  geologists  or  naturalists,  we  have  nothing  to  do. 
We  have  here  to  consider  our  globe  iij  a  very  different  point  of  view,  noticing  only  those 
faroad  aod  well-marked  natural  features  of  the  earth  which  give  it  its  characteristic 
physiognomy,  and  which  distinguish  its  surface  from  that  of  other  planets,  as  the  face 
and  figure  of  one  human  being  are  distinguished  from  that  of  another. 

Wbat  are  these  features  ?  They  are  the  mountain-chains,  or  bones  of  the  earth — 
the  undulating  lulls  of  heaped  material,  which  may  be  called  its  flesh — ^the  covering  of 
vegetable  soU,  which  may  be  regarded  as  its  skin — while  over  large  portions  there  is 
Uiat  even  and  formless  accumulation  of  water  which  conceals  so  large  a  part  of  the  bony 
framework  and  softer  contours,  but  whiqh  no  more  influences  the  true  ultimate  form 
of  solid  matter,  at  any  given  moment,  than  the  dress  affects  the  bony  framework  of  the 
num. 
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In  commenciiig  this  part  of  our  subject,  we  must  assume  that  the  earth  haa  such  a 
skeleton;  that  the  aqueous  covering  only  partly  conceals  this  skeleton ;  and  that  the 
framework  is,  to  some  extent,  traceable,  even  where  the  ocean  covers  it. 

A  knowledge  of  the  actual  skeleton  of  the  earth  is,  then,  a  study  fax  more  difficult 
than  that  of  the  mere  surface  exposed  above  the  water.  It  involves  not  merely  a  careful 
consideration  and  comparison  of  the  exposed  surface,  but  a  carrying  out  of  some  prin- 
ciple of  form  into  the  unseen  depths  of  the  sea,  and  the  tracing  from  some  obscure 
history  of  the  past,  also  to  be  learned,  the  modifications  which  helped  to  produce  what 
we  perceive,  and  which  must,  in  certain  cases,  have  done  much  more  on  a  yet  larger 
scale. 

The  various  circumstances  under  which  the  land  presents  itself  to  our«notice,  are, 
indeed,  too  familiar  to  require  any  lengthened  description ;  but  when  we  sit  down  to  an  ex- 
amination of  them  as  exhibited  on  a  globe,  we  find  some  facts  differing  from  what  we  might 
^be  inclined  to  expect.  Thus  it  might  be  thought,  judging  from  the  earth's  form,  that 
the  solid  portions  should  lie  pretty  equally  about  the  equator,  instead  of  which  we  find 
great  masses  of  land  in  lines  parallel  to  the  axis  of  the  earth  and  accumulated  in  the 
northern  hemisphere  :  these  comprise,  on  the  one  side,  Europe,  Asia,  and  Africa ;  and, 
on  the  other,  the  two  continents  of  America.  On  looking  at  these  masses  of  land,  they 
are  all  seen  to  partake  of  a  triangular  form.  In  the  eastern  hemisphere,  the  chief  exten- 
sion is  east  and  west,  but  all  the  lands  terminate  in  points  directed  southwards.  The 
different  continents,  considered  mth  reference  to  the  countries  which  they  comprehend, 
show  the  same  principle,  yet  further  carried  out.  "W"e  must,  however,  regard  this  simply 
as  an  observed  fact,  and  not  one  on  which  any  conclusions  are  directly  based.  We  do 
not  know  why  the  form  of  India  or  Arabia  should  be  the  same  as  that  of  Asia  or  Africa ; 
but,  although  we  can  offer  no  explanation  of  this  peculiarity,  it  is  one  well  worth  noticing, 
as  it  may  be  found  to  have  important  bearings,  and,  as  a  fact,  may  become  the  foundation 
of  reasoning.  Besides  the  vast  preponderance  of  land  in  the  northern  hemisphere,  we  may 
observe  that  the  eastern  division  of  our  globe  contains  a  far  greater  proportion  of  land 
than  the  western ;  and  this  fact,  also,  is  worthy  of  remark,  in  its  bearing  on  various  pecu- 
liarities of  climate. 

The  whole  of  the  connected  land  above  the  water  may,  with  advantage,  be  con- 
sidered separately,  although  often  having  intimate  relation  to  adjacent  portions  separated 
only  by  a  narrow  breadth  of  water.  The  form  of  land  must  also  be  studied,  together 
with  the  lakes  and  streams  }^  which  it  is  partially  covered.  It  is  found  convenient  to 
group  the  whole  into  three  principal  and  many  subordinate  tracts,  which  are  removed 
from  each  other  by  a  greater  or  less  extent  and  depth  of  water.  Of  these  the  former 
and  larger  tracts  are  the  continents,  properly  so  called,  and  the  others  islands;  although, 
as  has  been  said  above,  the  latter,  in  many  cases,  are  so  closely  adjacent,  that  they  may 
be  conveniently  regarded  as  detached  portions  of  the  larger  masses.  The  three  con- 
tinents are  of  very  different  magnitude,  form,  extension,  and  position.  One  of  them 
extends  chiefly  in  a  north-east  direction,  and  includes  the  whole  of  Europe,  Asia, 
Africa,  and  the  islands  adjacent ;  another  includes  the  two  Americas,  almost  detached, 
but  stiU  connected  by  a  narrow  but  lofty  isthmus,  and  ranges  nearly  north  and  south ; 
while  the  third  is  at  present  exhibited  only  by  the  rounded  mass  of  Australia,  which 
can  hardly  be  said  to  possess  extension  in  any  one  direction  rather  than  another,  but 
which  seems,  like  America,  to  possess  a  nortti  and  south  bearing  in  the  portions  best 
known  and  most  investigated.  "With  Australia,  however,  must  be  grouped  several  islands, 
of  which  Van  Diemen's  Land  and  New  Zealand  are  the  chief;  whilst  America  has  few 
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examples  of  detached  land  along  a  groat  part  of  its  coast,  although  the  West  Indies, 
and  the  islands  round  its  northernmost  portion,  arc  important  exceptions  to  this  general 
rule.  We  are  naturally  accustomed  to  regard  chiefly  that  portion  of  the  first-named 
group  of  land  with  which  wo  are  directly  associated;  the  whole  of  which,  from  its  vast 
extent,  is  sometimes  called  the  great  continent,  and  which,  from  its  having  heen  appar- 
ently the  first  peopled  by  the  human  race,  and  presenting  to  us  the  chief  records  of 
maiiind,  is  also  known  as  the  Old  World.  This  latter  term  is,  however,  strictly  appli- 
cable only  to  the  land  as  known  to  the  ancients,  a  limited  proportion  of  the  district, 
including  a  part  of  each  of  its  three  principal  subdivisions. 

Gontinentfl. — ^The  great  continent  includes  Europe,  Asia,  and  Africa — ^tho  latter 
being  almost  detached  frt)m  Asia  at  the  isthmus  of  Suez,  and  almost  connected  with 
Europe  at  the  straits  of  Gibraltar.  Europe  and  Asia  oficr  no  well-marked  natural  lino 
of  separation,  and  the  accepted  and  political  division  consists  partly  of  a  low  mountain 
chain,  and  partly  of  a  river.  Thus  the  land  of  Europe  docs  not  readily  resolve  itself  into  « 
its  true  and  great  natural  featiures,  and  can  only  be  properly  understood,  in  so  far  as  its 
phyBical  geography  is  concerned,  by  a  reference  to  the  adjacent  land,  even  to  the  extent 
of  almost  the  whole  of  Asia,  and  a  large  part  of  Africa. 

The  continent  of  Europe,  with  which  most  of  tho  readers  of  these  pages  aro 
doubtless  best  acquainted,  is  not  without  the  means  of  suggesting  some  important 
generalizations  of  science,  while  in  matters  of  greater  detail,  and  perhaps  more  uni- 
versal interest,  it  presents  abundant  matter  for  illustration.  It  contains  within  it 
about  four  millions  of  square  miles  (about  one-eighth  of  tho  land  of  the  greater 
continent),  and  possesses  ranges  of  lofty  mountains,  piercing  the  clouds,  and  several 
of  them  covered  with  eternal  snow.  Rivers  of  frozen  snow  proceed  from  some 
of  these,  and  make  their  way  into  the  sheltered  valleys  below,  loaded  with  fragments 
of  rock  torn  from  niunerous  jagged  pinnacles  that  appear,  indeed,  to  be  permanent, 
but  are,  in  fact,  only  constantly  renewed  in  similar  form.  It  contains,  also,  a  mul- 
titude of  rounded  and  imdulated  hills,  of  lesser  elevation,  some  of  them  clothed  by 
vast  forests  of  pine,  others  covered  by  chestnut  and  oak,  while  others  again  are  smiling 
with  corn-fields,  or  laugh  with  the  yet  richer  luxuriance  of  the  vine.  It  exhibits  noble 
rivers,  traversing  extensive  plains— not,  indeed,  rivalling  in  magnitude  those  vast  streams 
ahea^  referred  to,'  which  pour  forth  their  torrents  into  the  Bay  of  Bengal,  the  Persian 
Gnlf^  the  Yellow  Sea,  the  Caribbean  Sea,  the  Polar  Seas,  and  the  western  side  of  the 
Atlantic,  but  more  than  equalling  them  in  their  adaptability  to  the  wants  and  comforts 
of  civilized  man,  and  brought  within  those  limits  which  encourage  industry,  by  calling 
forth  the  talents  and  energies  of  oiu:  race.  It  embraces,  also,  lakes  and  inland  seas, 
presenting  a  rare  variety  of  extent  and  usefrdness.  It  has  around  it  islands  admirably 
placed  for  commerce,  and  admirably  supplied  with  the  means  of  availing  themselves  of 
this  position.  It  is  blessed  with  a  climate,  offering,  it  is  true,  much  change,  but  nowhere 
ill-adapted  to  call  forth  the  exertions  of  man,  to  tax  his  ingenuity,  and  to  necessitate 
the  cultivation  of  his  highest  intellectual  powers.  It  is,  for  the  most  part,  healthy 
and  cultivable— rich,  but  needing,  and  amply  repaying,  labour ;  abounding  with  the 
most  usefril  minerals,  and  now  covered  by  the  most  usefril  animal  and  vegetable 
tribes — many  of  them,  it  is  true,  introduced  by  man,  but  all  adapted  to  its  condition, 
and  most  usefiil  in  their  present  state.  Blessed  in  this  way  with  so  much  that  is  excel- 
lent, seldom  injured  by  the  passage  of  periodical  storms,  rarely  suffering  from  earth- 
quakes, and  gradually,  it  would  seem,  less  and  less  frequently  visited  by  pestilence  and 
famine,  as  the  advance  of  civilization  points  to  the  best  means  of  avoiding  lc);i<&m^^^ 
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may  surely  say  that  Europe  has  the  elements  of  greatness  and  happiness;  and  we  know 
that,  up  to  this  time,  she  has  led  the  way  in  all  essential  points  of  civilization. 

If  Europe  offers  these  matters  of  almost  personal  interest,  the  remaining  part  of  the 
great  continent  is  also  crowded  with  phenomena  which  in  magnitude  surpass  the  others. 
The  lofty  mountain  chains  of  the  Himalaya,  the  vast  and  trackless  deserts  of  Central 
Africa,  the  steppes  of  Tartary,  the  basins  of  the  Ganges,  and  other  rivers  of  the  first 
class  in  Asia,  and  the  volcanic  islands  of  the  Eastern  Archipelago  are  each  and  all 
worthy  of  study,  not  only  in  themseltes,  but  in  their  bearing  on  the  general  questions  of 
Physical  Geography  that  bear  most  directly  on  Geology. 

The  land  thus  grouped  into  one  mass  ranges  from  north-east  to  south-west,  being 
terminated  northwards  about  the  seventieth  parallel  of  latitude,  and  pointing,/as  has  been 
already  said,  by  a  number  of  triangular  projections,  towards  the  south.  It  includes 
numerous  lofty  plateaux,  and  innimierable  smaller  plains  and  river  valleys,  the  surface 
being  much  broken  in  almost  every  direction,  and  its  coast  line  indented  to  so  great  am 
extent,  that  it  would  take  a  line  of  nearly  seventy  thousand  miles  to  follow  all  the 
iregularities  around  its  edge.  Situated  chiefly  in  the  northern  hemisphere,  and  most  part 
of  it,  indeed,  within  the  north  temperate  zone,  there  are  many  similarities  over  a  wide 
range  which  would  be  much  more  marked,  were  it  not  for  the  spurs  or  transverse  ridges 
extending  from  the  great  mountain  chains,  which  separate  districts  otherwise  under  nearly 
the  same  conditions. 

The  continent  of  Amerida  .contauis  abotrt  fourteen  and  a  half  millions  of  square 
miles,  and  is  ndt  only  smaller  but  much  simpler  in  its  form  than  the  land  of  the  Old 
World.  It  has  in  all  a  coast  line  of  upwards  of  forty  thousand  miles,  but  a  great  part 
of  the  shores  are  unbroken,  and  present  but  few  bays  or  guKs.  Those  that  do  exist, 
however,  are  large  and  highly  important,  especially  the  vast  Gulfs  of  Mexico  and  the 
Caribbean  Sea,  and  the  important  Gulf  of  St.  Lawrence.  South  America  correspcmds 
well  in  form,  and  in  some  other  peculiarities,  to  Africa,  and  the  shores  of  the  great 
Atlantic  canal  appear,  as  it  were,  to  correspond — the  projections  of  one  fitting  into  the 
recesses  of  the  other. 

While  the  longer  known  and  larger  mass  of  land'oontains  the  loftiest  summits  of  our 
globe  in  the  Himalayan  chain,  the  most  savage  and  dreary  wilds  in  the  Sahara  of 
Africa,  and  the  grandest  high  plateaux  in  Tartary,  Central  Africa,  and  Spain,  a  high 
degree  of  interest  also  attaches  to  the  mountains  of  America,  with  their  conical  volcanic 
summits  so  frequently  piercing  far  above  the  general  range  of  the  Andes,  and  to  the 
prairies  of  the  north  and  the  silvas  and  llanos  of  the  souliiem  part  of  the  same  land, 
which  are  almost  equally  extensive  and  more  uniform  than  the  plains  of  Asia,  but  are 
far  less  elevated  above  the  sea. 

Xslanids. — ^Leaving  the  larger  portions  of  land,  or  continents,  and  passing  to  those 
which  are  called  islands,  we  meet  with  them— first,  as  existing  in  immediate  proximity 
with  the  large  solid  portions  of  the  globe,  and  thence  called  continental  islands.  These 
generally  have  a  peculiar  form,  or,  rather,  follow  a  peculiar  law :  they  extend  in  the 
direction  of  the  main  land,  and  often  partake  of  its  form.  An  illustration  of  this  law 
is  presented  in  the  island  of  Madagascar,  whieh  extends  along  part  of  the  east  coast  of 
Africa.  They  frequently  also  exhibit  the  same  physical  structure  as  the  continent 
towards  which  they  lie.  There  is  thus  in  Madagascar  a  mountain  chain  just  parallel 
in  its  position,  and  analogous  in  character  to  another  which  runs  down  the  continent  of 
Africa.    The  islands  in  the  Baltic  Sea  corroborate  this  general  law. 

JBut  if,  leaving  such,  islands,  we  go  to  the  opai-«a,  we  find  the  land  arranged  there 
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ia  a.  di^er«fat  moimei-f  dotted  about  inognki'ly,  and  ■omettmes  collecliad  into  graupg. 
Id  tiie  HUcT  oue  iha  iilands  ooeaaumallj  rise  diTcetly  from  thjQ  6mp  wntiTi  oftan  at 


gjeat  dktauces  from  Dtlicx  land,  and  oxhiltit  outlines  of  a  most  remarkable  duiractcT^^ 
m  aom@  places  circular,  at  others  a^al,  imd  fbnmng  diiconnoctcd  dmina. 

Tlie  third  daaa  may  be  tcrmod  Elands  of  elevation,  b^adng  evidence  of  volcanic 
odgiii,  either  dire^^tly,  by  an  ^taal  oomi  imd  ctutgr,  or  o^cs  (Lbimdimtly  dktjibut&d,  ot 
indirectly  by  the  circular  form  of  a  tract  of  iMid,  now  porliBpa  canakting  of  litite  mofQ 
tb^n  the  gecreted  limssstomj  of  the  coral  fl^niniA]^  which  wo  know  muat  have  lii^cn  con- 


■Um  X£CtlL£l. 


itmoted  under  water,  and  which,  ta  haYe  ftttainod  its  preatut  mas*,  moat  have  fiseded^ 
firit,  »  lorag  period  dming  wiutsh  there  waa  dflprciaioiij  and  anothjor  period  whm  the 
aea-bottom  was  undargoing  eleration. 
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Action  of  Aiz  and  Water  on  exposed  Coasts.— The  form  of  land,  at  its 
termination  towards  the  sea,  frequently  furnishes  interesting  and  instnictiye  facts,  both 
in  Geography  and  Geology.  If  we  look  at  the  coast-line  of  some  gulfs,  we  find  detached 
rocks  jutting  out  towards  the  sea,  and  we  cannot  doubt  that  the  whole  is  undergoing 
change  by  the  action  of  the  atmosphere  and  water,  although  the  shape  remains  the  same 
for  a  very  long  period.  The  rocks  called  "  The  Needles  "  once  formed  the  western  extre- 
mity of  the  Isle  of  Wight.  The  chief  of  these,  and  that  which  gave  its  name  to  the  group, 
was  a  hundred  and  sixty  feet  high,  and  disappeared  in  1764,  being  undermined  by  the 
sea.  Other  parts  of  the  coast,  similarly  exposed,  but  formed  of  layers  of  various  forma- 
tions and  different  degrees  of  hardness,  are  more  susceptible  of  modification  under  the 
operation  of  the  same  causes,  and  yield  even  more  readily  to  their  action.  In  this  way 
the  forms  of  coast-lines  are  gradually  changing,  and  the  boundary  of  land  and  sea 
relatively  altered. 

The  action  on  land  of  the  water  falling  from  or  contained  in  the  atmosphere  is 
very  much  regulated  by  the  form  and  distribution  of  mountains.  In  America,  where 
the  principal  rivers  run  southwards  and  eastwards,  descending  from  the  higher  and 
more  elevated  part  of  the  land  and  fit)m  the  mountains,  and  rushing  impetuously  to 
the  sea,  they  deposit  large  quantities  of  detritus,  not  only  along  the  sea-coast,  but  also  at 
a  considerable  distance  beyond  it,  into  the  ocean.  The  changes  thus  brought  about, 
although  not  of  a  nature  to  be  readily  detected  in  individual  experience,  must,  from  the 
imceasing  action  of  their  causes,  be  very  extensive  and  important. 

BKonntain  Chains.— Looking  at  the  great  mountain  chains  of  the  world,  we 
cannot  help  observing  the  tendency  of  many  of  them  to  take  the  direction  of  the  coast- 
line of  the  continent  of  which  they  form  parts.  In  South  America  the  Andes  run 
parallel  with  the  coast  all  the  way.  Turning  to  the  eastern  hemisphere,  we  find  the 
same  conditionsin  Africa,  on  the  oast  coast.  The  mountains  of  Scandinavia  also  range 
parallel  to  the  west  coast  of  Europe ;  and,  by  continuing  the  line  across  the  sea,  it 
will  connect  itself  with  the  mountains  of  Scotland  and  Wales.  These  facts,  taken  in 
connection  with  the  tcnd^icy  of  the  islands  to  follow  the  coast-line  of  neighbouring 
continents,  are  important.  The  very  general  observation  of  such  facts  has  given  rise 
to  an  opinion  that  all  the  mountain  ranges  lie  in  the  same  direction  as  the  earth's 
axis,  or  at  right  angles  to  it — an  opinion,  however,  which  is  not  borne  out  by  the 
actual  state  of  the  case,  since  wo  find  the  line  of  the  Alps  extending  in  a  direction 
neither  of  the  axis  of  the  earth,  nor  yet  decidedly  east  or  west,  though  having  a 
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tendency  to  the  latter  direction,  and  connecting  itself  on  the  west  with  the  Pyrenees, 
and  eastwards  with  the  Caucasus,  from  whence  a  line  of  high  elevation  extends  to  the 
mountains  of  India. 
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The  opposite  sides  of  moimtaiiui  are  often  marked  by  great  diifferonoe  in  their 
steepness ;  and,  while  cm  one  side  the  elevation  approaches  the  porpondicular,  and  pre- 
sents an  outline  of  great  boldness,  on  the  other  it  dies  away  down  to  the  plains.  Thus 
the  Alps  on  the  Italian  side  present  sharp  and  sudden  prominences ;  on  the  other  side, 
they  are  oonq^aratiyely  sloping  and  gradual.  The  Andes  also  form  a  lino  running  from 
Qordi  to  south,  and  rise  suddenly  £rom  the  coast,  but  on  the  other  side  thoy  terminate  in 
extensiye  and  eleyatod  plains  descending  towards  the  sea  in  some  cases  by  successive  steps. 

In  estimating  the  oomparatiYe  influence  of  mountains  on  the  surface  drainage  of  a 
comitry,  we  must  not  merely  regard  their  heights,  since  many  mountain  chains  of  the 
greatest  importance  are  by  no  means  so  lofty  as  others  which  ore  of  less  consequence. 
The  truth  of  this  remark  is  exemplified  in  the  Urol  mountains,  the  political  boundary 
of  Europe  and  Asia.  This  range  is  comparatively  low,  but  nevertheless  doterminos 
the  distribution  of  large  and  extensive  bodies  of  water,  and  exerts  a  very  important 
influence  on  the  climate  of  the  surrounding  districts  on  each  side. 

Besides  these,  we  may  regard,  as  connected  with  the  subject  of  elevations  of  land,  the 
conditions  of  the  plateaux  and  table-lands,  of  which  the  vast  prairies  of  America,  and, 
in  the  Old  World,  the  steppes  of  Siberia,  are  examples.  In  Siberia,  this  elevation  above 
the  sea-level  ranges  from  five  to  twelve  thousand  feet,  and  produces  a  marked  effect  on 
the  mean  elevation  of  the  whole  continent.  In  America,  on  the  other  hand,  the  eleva- 
tions are  small,  and  the  plains  often  sink  almost  to  the  sea. 

Besides  the  mountain  chains  and  elevated  plateaux,  another  form  of  elevation  is 
frequently  met  with  in  isolated  mountains,  belonging  apparently  to  no  chain,  and  rising 
abruptly  from  the  land,  or,  as  is  sometimes  seen,  from  the  bed  of  the  ocean,  and  exhi- 
biting signs  of  volcanic  origin.  Such  mountains  are  comparatively  rare,  and  are 
usually  associated  with  volcanic  phenomena. 

As  the  counterparts  of  mountains,  between  which  they  generally  lie,  valleys  possess 
much  geographical  interest,  and  perform  a  very  important  part  in  the  drainage  of  a 
country.  They  are,  for  the  most  part,  low,  nearly  level,  and  gradually  sloping  towards 
the  ocean. 

It  is  not  always,  however,  that  river  valleys  are  broad  and  open.  They  are  some- 
times shut  in  so  closely,  that  the  waters  of  the  stream  can  scarcely  force  a  passage,  and 
when  on  a  large  scale,  they  thus  afford  some  of  the  most  magnificent  and  picturesque 
scenery  on  the  sur&co  of  the  earth.  The  beautiful  gorge  of  the  Rhine,  between  Bingen 
and  Coblentz,  the  iron  gates  of  the  Danube,  that  of  the  Saxon  Switzerland  on  the 
bonks  of  the  Elbe,  and  other  familiar  European  scenery,  afford  admirable  examples  of 
this  kind. 

Some  of  the  whirlpools  and  rapids  impeding  the  navigation  of  rivers,  are  also  duo  to 
a  similar  condition,  and  to  an  inadequate  passage  for  the  body  of  water  rushing  along  a 
channeL  It  is,  however,  worthy  of  notice,  that  some  of  the  largest  rivers,  although 
extremely  rapid  torrents,  have  but  a  very  small  fall  indeed.  Thus,  in  the  descent  of  the 
Ohio  and  Mississippi  from  Cincinnati  to  the  Gulf  of  Mexico,  a  distance  of  nearly  one 
thousand  seven  hundred  miles,  the  mean  fall  is  less  than  three  inches  per  mile. 

It  must  not  be  forgotten  that  the  external  form  of  land,  the  direction  of  its  vertical, 
as  well  as  horizontal  extension,  and  the  position  of  the  great  expanse  of  ocean,  all  have 
a  most  important  bearing  on  climate. 

Climate.— Temperature,  although  often  regarded  as  almost  synonymous  with 
dimate,  is  in  reality  but  a  small  element  in  the  complicated  phenomena  referred  to 
by  that  word.    Temperature  itself  too,  requires  to  be  considered  with  reference  to  its 
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extreme  Kmits,  as  well  as  to  tke  mean  of  snmmer  and  winter,  and  of  the  whole  year. 
Moisture,  and  especially  the  aqneous  condition  of  the  atmosphere,  is  another  important 
ingredient.  The  pressure  of  the  air,  and  the  changes  that  occur  in  this  respect, 
whether  diurnal,  seasonal,  or  annual;  the  purity,  transparence,  and  serenity  of  the  air; 
the  nature  of  the  prevalent  winds ;  and  the  electric  tension  of  the  atmosphere, — ^these 
are  all  points  of  vital  importance,  without  a  due  consideration  of  which  no  proper 
conclusion  as  to  climate  can  be  arrived  at. 

Thus  it  often  happens  that  places  having  the  same  latitude,  the  same  relative  posi- 
tion on  continents,  and  even  the  same  mean  annual  temperature,  differ  exceedingly  in 
climate,  and  are  characterized  by  vegetation  of  an  altogether  distinct  character ;  while 
others,  in  which  these  points,  important  as  they  are,  vary  exceedingly,  are  yet  neatly 
similar  in  all  the  essential  matters  which  govern  climatal  resemblance. 

An  instance  of  tiiis  has  often  been  quoted  in  the  case  of  Dublin,  as  compared  with 
the  banks  of  the  Danube  below  Vienna,  in  the  same  latitude  (54"  66'),  and  having  the 
same  average  temperature  (49*'*2  F.). 

In  Dublin,  the  mean  summer  heat  is  60°'8,  and  the  mean  winter  cold  S9°'S;  while  in 
Hungary,  in  the  corresponding  position,  the  summer  heats  average  69°  8 ,  and  the  tem- 
perature of  the  winter  months  averages  27"''7.  The  climate  of  Dublin  is  that  of  an  island 
surrounded  by  a  comparatively  warm  sea,  so  that  there  is  no  intense  cold,  and  snow  rarely 
lies  on  the  ground,  but  on  the  other  hand,  there  is  little  heat  in  simimer.  The  myrtlo 
will  grow  in  the  open  air,  and  resist  the  winter,  but  the  grape  will  not  ripen.  In  Him- 
gary,  on  the  contrary,  the  myrtle  would  be  destroyed  by  the  winter  frosts,  but  the 
summer  sun  not  only  ripens  the  grape,  but  enables  the  inhabitants  to  prepare  some  of 
the  finest  and  richest  wine  known  in  the  world. 

Owing  to  the  constitution  of  the  atmosphere,  the  temperature  not  only  diminishes 
in  proceeding  from  the  equator  towards  either  pole,  but  also  in  ascending  from  any  place 
near  the  sea  into  the  higher  regions,  whether  on  a  mountain  side,  a  lofty  plain,  or 
merely  by  some  temporary  contrivance,  such  as  a  balloon.  At  a  certain  moderate  ele- 
vation, even  in  the  hottest  climates,  we  reach  the  limit  at  which  water  is  no  longer  a 
fluid,  and  this  limit,  called  the  snow  line,  varies  from  about  eighteen  thousand  feet 
under  the  tropics,  to  where  it  reaches  the  level  of  the  sea  in  the  Arctic  and  Antarctic 
circles.  It  will  easily  be  understood,  that  not  only  actual  elevation,  but  the  vicinity  of 
mountain  chains,  the  extent  and  form  of  the  surrounding  land,  and  the  influence  of 
oceanic  currents,  which  may  bring  warmer  or  colder  water  into  a  given  spot,  these 
all  influence  climate,  and  greatly  affect  vegetation. 

The  conditions  of  climate,  so  far  as  regards  the  state  of  the  atmosphere  and  the  dis- 
tribution of  heat — ^two  most  distinct  and  influential  matters — ^will  now,  perhaps,  be 
understood  and  appreciated.  Europe  owes  its  nuld  and  average  temperature — far 
different,  in  this  respect,  to  corresponding  countries  on  the  other  side  of  the  Atlantic,  or 
On  either  side  of  the  Pacific  oceans — ^to  its  intersected  form  and  deeply-indented  coast; 
to  its  exposure  to  the  prevailing  west  winds  which  have  blown  across  the  ocean ;  to  the 
sea,  free  from  ice,  which  separates  it  from  the  Polar  regions ;  and,  lastly,  to  the  exist- 
ence and  position  of  Africa,  with  its  wide  extent  of  tropical  land,  while  the  equa- 
torial region  to  the  south  of  Asia  is,  for  the  most  part,  covered  by  ocean.  The  European 
climate  would,  therefore,  become  colder  if  Africa  were  to  be  overflowed  by  the  ocetui ; 
or  if  land  were  to  rise  from  beneath  the  waves  and  connect  Africa  and  America ;  or  if 
the  Gulf  stream  were  to  cease  to  extend  its  warming  influence  to  the  northern  sea ;  or, 
finally,  if  a  tract  of  land  were  to  be  elevated  "between  Scandinavia  and  Spitzbergen. 
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The  eliiiiKte  of  other  pvtB  of  the  great  oontinent  is  equally  affoected  by  local  caiues. 
TInM,  18  we  advanoe  to  the  oast,  the  westerly  winds  become  cold  and  dry.  In  tho 
Ticinity  of  great  moimtam  chains  the  same  deterioration  is  felt,  and  other  conditions 
might  be  imagined  by  which  changes  would  be  produced,  greatly  modifying,  and^ 
peihape,  entirely  changing  the  oonditions  of  existence  fiivourable  to  the  existing  races. 

Questions  and  considerations  like  these  are  not  only  of  abstract  interest  to  scientific 
men,  but  have  mndh  direct  bearing  in  a  practical  sense,  inasmuch  as  climate  greatly 
influences  the  modes  oi  communication,  tho  extent  of  intercourse,  and  even  the  progress 
and  oivilixation  of  mankind. 

For  whaterer  cansee  drrersity  of  form  or  feature  on  tho  surface  of  our  planet — the 
mountains— the  great  lakes— the  grassy  steppes— and  oven  tho  deserts— and,  still  more, 
the  great  riycr  yalleys,  and  the  streams  thcmselyes,  surrounded  by  a  coast-like  margin  of 
yegetatioD,  must  impress  some  peculiar  mark  or  character  on  the  sooial  state  of  its  inha- 
Mtants.  Continnous  ridges  of  lofty  mountains,  covered  with  snow,  impede  intercourse 
and  traffic ;  the  lofty  plains,  narrow  enclosed  yalleys,  and  table-lands  serye  as  the 
last  retreat  of  retiring  and  nearly  extinct  races ;  while  lowlands,  interspersed  with 
disoontinnons  chains,  and  with  groups  of  hills  of  more  moderate  eleyation — such  as  ore 
presented  by  a  great  part  of  Europe,  especially  near  its  western  coast-line — are  fayonr- 
aible  fc«  the  pursoits  of  commerce ;  and  the  improyement  of  the  races  of  domesticated 
OTiiwmla^  as  wen  as  increased  cuUiyation,  giye  rise  to  numerous  modifications  of  animal 
and  yegetable  life,  and  suggest  meohanical  contriyances,  which  tend,  on  the  whole, 
to  the  intelleotaal  progress  of  our  race. 

In  the  rapid  glance  that  we  haye  now  taken  of  some  of  the  most  remarkable  of  those 
world-pbenomena,  conneoted  with  the  form  of  land  and  the  distribution  of  land  and 
water,  the  reader  may,  perhaps,  haye  been  reminded  of  what  has  often  already  presented 
itself  to  his  obseryation,  rather  tlian  be  struck  with  any  new  fkcts  communicated.  But 
some  of  these  foots  may  haye  been  presented  in  a  way  not  altogether  familiar,  and  thus, 
perhaps,  there  may  haye  been  imparted  fresh  interest  to  a  subject  always,  in  one  shape 
or  other,  before  us.  The  mutual  influence  and  the  mutual  necessity  which  bind  together 
into  one  group  almost  all  the  great  facts  of  nature,  is  also  emincntiy  shown  in  reference 
to  this  subject ;  and  it  is  not  the  least  important  or  the  least  instmctiyc  lesson,  afforded 
by  the  study  of  nature  on  a  large  scale,  that  we  loam  to  appreciate  this  as  one  of  tho 
great  and  xmiyersol  truths.  When  also  we  see,  as  in  the  case  before  us,  that  the  con- 
stant circulation  of  aqueous  fluid — only  to  be  performed,  bo  far  as  we  con  know,  by  tho 
agency  of  the  atmosphere — is  only  practically  xiseftil  in  consequence  of  the  form,  the 
features,  and  tho  distribution  of  land  ;  when  we  find  the  temperature,  such  as  it  exists, 
and  related  as  it  is  to  the  existing  conditions  of  matter,  also  perfectly  in  harmony  with 
eyery  other  arrangement ;  when,  in  a  word,  wc  perceive  throughout  such  perfect 
adaptation  in  every  respect — not  acting  by  a  system  of  interference,  but  by  definite 
methods  or  laws,  which  are  constant  in  their  mode  of  action— it  cannot  fail  to  strike 
every  one,  that  this  method  of  producing  all  nccessaiy  modifications  in  infinite  variety 
of  detail,  is  the  method  which  the  Author  of  nature  has  seen  fit  to  adopt,  and  in  the  work- 
ing out  of  which  we  are  not  at  liberty  to  assume  any  essential  alteration  of  principle. 

Be«t  of  file  InteiUnr  of  the  Saarth.— Among  tho  great  classes  or  groups  of 
phenomena  presented  in  the  study  of  nature,  those  which  involve  motion  are,  in  oil 
respects,  predominant.  We  have  seen,  in  considering  the  most  ordinary  facts,  with 
regard  to  the  air  and  water,  that  these  are  most  important  and  very  widely  influen- 
tial; that  tiie  currents  of  air  circulating  constantly  produce  the  modificationa  of 
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temperature  on  which,  climate  depends.  It  has  also  been  shown  that  the  tides  and  cur- 
rents of  the  ocean,  and  the  streams  that  feed  it,  are  essential  to  the  present  condition 
of  things ;  and  we  cease  to  wonder  at  the  fact,  that  air  and  water  are  so  seldom  in 
repose. 

Our  very  language,  indeed,  speaks  in  proverbs  of  the  inconstc^ncy  of  the  winds,  and 
the  fluctuation  of  the  tides  and  the  fluid  and  aerial  conditions  of  matter  are  commonly 
contrasted  with  the  relative  permanency  of  the  solid  earth  on  which  we  tread. 

And  yet  it  appears,  after  all,  that  this  permanency  is  only  apparent.  The  earth, 
or  at  least  that  superficial  crust  presented  for  our  observation,  has  its  own  movements 
and  disturbances,  by  causes  acting  from  within.  These  caiises  tend  to  burst  asimder  and 
destroy  portions  of  the  solid  crust,  and  are  connected  with  the  presence  of  intensely 
heated  matter  existing  far  below  the  surface. 

In  order  to  judge  of  the  nature  of  the  relative  magnitude  and  importance,  and  the 
actual  extent  of  these  movements,  let  us  first  refer  to  the  ordinary  condition,  with  regard 
to  temperature,  of  the  great  depths  of  the  earth,  and  this  will  lead  us  to  an  inquiry 
as  to  how  far  the  interior  condition  does  or  may  act  upon  the  exterior  surface,  and 
how,  from  the  position  of  those  points  at  which  the  surface  is  reached,  we  can  judge  of 
the  true  nature  and  value  of  the  phenomena. 

The  causes  tending  to  modify  the  condition  of  the  earth's  crust,  various  as  are  their 
modes  of  exhibition,  refer  themselves,  sooner  or  later,  either  to  the  presence  of  an  internal 
source  of  heat  existing  at  some  point  far  below  the  surface  of  the  earth,  or  else  to  the 
mutual  mechanical  action  of  air  and  water  at  various  temperatures.  To  gain  a  correct 
notion  of  the  operation  of  the  first  of  these  causes,  we  must  inquire  what  is  the  ordinary 
condition  of  the  matter  of  the  earth's  crust,  and  how  its  internal  condition  affects  the 
exterior  ?  The  first  thing  that  strikes  us  in  this  inquiry  is,  that  whilst,  to  a  certain 
depth,  the  mean  temperature  of  the  earth  is  dependent  on  that  of  the  atmosphere,  and 
differs  in  various  localities,  below  that  depth  it  imiformly  increases."  When  wedig 
below  the  depth  over  which  the  influence  of  atmospheric  temperature  is  felt,  the  ther- 
mometer rises  regularly  in  a  definite  proportion ;  and  when  we  descend  to  very  great 
depths,  as  in  coal  mines,  the  temperature  becomes  so  warm  as  to  remind  one  of  a  tropical 
climate.  The  deepest  coal-mine  in  England  had  for  a  long  time,  and  till  cooled  by  a 
constant  circulation  of  air,  a  fixed  temperature  varying  from  80**  to  84°,  and  the  natural 
heat  at  this  depth  has  no  reference  to  the  thermometrical  condition  of  the  surface. 

Hot  Springs. — Increase  of  temperature  below  a  certain  depth  is  also  shown  by  other 
means.  Pits  and  wells  have  been  sunk,  for  various  purposes,  and  at  different  times,  to  great 
depths,  and  observations  have  been  made  in  them  with  the  thermometer.  The  results  have 
given  constant  testimony  to  the  law  of  increase  of  temperature  according  to  increase  in 
depth.  Besides  this,  we  have  evidence  of  the  same  fact  in  numerous  natural  warm 
springs  and  wells  throwing  out  their  waters  at  various  points  on  the  earth's  surface  at 
temperatures  differing  from  one  another,  but  much  higher  than  that  of  the  local  atmos- 
phere. These  springs  are  met  with  in  many  parts  of  the  world;  those  of  Carlsbad, 
Wiesbaden,  and  Bath,  are  familiar  to  aU,  and  certainly  tend  to  show  that  a  source  of 
heat  of  some  kind  exists  at  some  point  in  the  interior  of  the  earth.  But  there  are  other 
districts  in  which  this  doctrine  receives  a  yet  further  confirmation.  In  some  parts  of 
South  America  there  exist  springs  at  the  bases  of  mountains  covered  with  perpetual 
snow,  the  waters  of  which  issue  at  a  temperature  removed  but  a  very  few  degrees  from 
the  boiling  point  of  water.  Perhaps  the  most  remarkable  phenomena  of  this  kind 
are  the  hot  springs  of  Iceland.    There  exist  in  that  island  certain  small  hills ;  in  the 
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middle  of  aom©  of  these  arc  funnel-abaped  basins,  m  the  bottom  of  wHcb  are  holes  Icflding^ 
to  a  conBidGrablo  depth.  These  basma  are  at  times  left  dry,  but  water  riasa  periodkully 
in  the  pipo*l£ke  paaaage  at  n  temperature  of  aiS'*^  and  fills  the  basin  to  oyerflowmg-. 
Suddenly  a  stream  of  boiling  water  rushes  up  into  the  air  with  wonderful  Tiolence, 
whilst  tbe  atmosphere  is  filled  with  the  steam.    The  hi^bt  of  tbe  colmnnB  yories  horn. 
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eigb^  to  one  hmidri?d  and  eighty  feet,  and  they  Bueceed  one  another  with  groat  rapidity; 
€be  last  being  generally  the  most  vigorous.  Tht:  time  1jetia''een  these  appearances  is  small, 
find  the  eruptions  ore  periodiej  tnMng  plaee  about  four  times  in  twenty-four  hourSj  but 
tiiey  are  not  strietly  regular. 

It  m  but  a  fimall  step  &om  these  phenomena  to  thas&  singnlin'  eruptdonB  of  mud 
which  axe  observed  by  tbc  natnralist,  and  which  form  a  connecting  link  between  the 
hot  fountain  and  the  volcano*  Tbe  eonsisteneo  aa  woll  as  the  compositiou  of  the  mate- 
ml  thrown  out  in  these  eruptions  is  not  always  the  same.  Sometimes  mud  mixed  with 
stones  and  naphtha  is  espelled,  wMle  sulphurous  Tflpour  and  hydrogen  gas  are  dis- 
CTgBged.  A  remartahle  instance  of  this  kind  of  eruptioTi  oce\irrcd  in  tbe  iglimd  of 
Bidly,  in  1777.  In  the  eouth  of  Europe,  howeverj  the  products  of  eruption  are  chiefly 
loUd  matter--dry  ashes,  fltiid  rock,  called  lava,  and  scoriae  i  these  are  generally  accom- 
panied by  the  cmkaloR  of  £ame  and  smoke* 

VolcftJioeft. — A  Yolcono  is  a  mountain  of  conical  shape,  composed^  superficially  at 
Ica^tT  of  strata  sloping  away  from  a  central  cup-shaped  cavity,  and  giving  out  at  its  anm- 
mit,  witb  intemal  commotion,  lava,  stonea,  scoriae,  and  aqueous  vapoiir,  with  certain  gases. 
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Volcaitoes  are,  for  the  most  part,  of  some  height,  and  peaked,  but  this  is  not  always  the 
case ;  a  number  of  small  elevated  hills  being  equally  voloanic  in  their  character  with 
tibiose  of  loftier  height.  All  Europeans  are  fanuliar  with  the  names  of  Mount  £tna,  in 
Sicily,  and  Vesuvius,  in  the  Bay  of  Naples.  The  eruptions  of  the  former  have  been 
very  numerous,  and  their  history  is  lost  in  antiquity ;  by  those  of  the  latter  Hercu- 
laneum  and  Pompeii  were  overwhelmed. 

Mount  Hecla,  in  Iceland,  must  also  be  mentioned  among  the   more    considerable 
volcanoes  of  Europe,  but  several  others  of  importance  also  exist  in  the  same  island. 

The  Greek  Archipelago  contains  the  islands  of  Santorin,  and  two  smaller  islands, 
which  appear  to  have  been  heaved  up  by  yolcanic  action  &om  the  bed  of  the  sea,  a 
belief  which  is  favoured  by  authentic  history.  Frmn  these  islands  a  volcanic  chain 
extends  to  th@  eastern  coast  Q^'ltteBelopoopesus,  where  several  rooks  ot,  a  decidedly 
volcanic  chazaoter  piesent.  i^HmmiirM. . 

A  far  more  impoti^ea^isfsi^t  Qi^yoloam^  Bn^pmio^  awaits. ua  on  the  Qontin«sKt  (d  Asia. 
It  is  possible  to  trace  ^Itoof  volDaiue  opeiyitions  acrow  the  very  centre  of  this  vast 
tract  of  land^  ftovi^  IjiSfi  ahonsft^  o£  tiilft  Caspian  Sea-^tiM'  i%.  item  the  Qaucasian 
mountains— tJirougti.  Centoil:  ^C^uNm^^.  to  the  northern  decli^nti^  ofi  lilyEt  C^tlntilit;  moun- 
tains in  1^  4d?  o£  Mi^dft.  l^ithift  ^m^  range  are  some  oxtill^Qt  iv^tHUkMa  aad.  tiieir 
prodMB^  and  otliers  in  a  staite  of  activity,  abundantly  provuii^tiie  ^eiiliiiM^  o^'wibMoic 
agotey  f^  the  dUtooce  (^  tliree.  thouaaod  miil^s.  In  the  lu^lui;  ^tobi^«lii^^^  z»iioai&- 
abljF  azraoged  voloaoio  Tfd^?on:  emlbBy  i|L  a  ifow.  approaching  to  H^  ojk  flkllQEae-dlOfi^  its 
N.£.  extremity  beia^ atUtti^ bttygnd the  ^ of  N.  latitude,. wd. afe ^iSS^GfWS:.  llmgi- 
tud«.  F]^)m  this  px^t  i1^  dmoeaBt^  paasiug  in.  it^  course  thiwigh  tilH»  Blii%|^  ]^landi(, 
andf  inclining  to  the  Qaat,,ilf  crosses,  the  equator,  and  juts  out-  itom  the  QWt*.  oiii^Q 
Oe^Qi.  to  New  Ghiineat;.  Ufam  thence  it  takes  a>  isesteriy  diiie^tijm,  and,  d^se69ding 
nearly  to  TixQor^.  eiistendib  litoough.  the  Moluccas  to  Java;  tiie%.  liending  npxtihwards, 
it  is  prolonged;'  th]»ugbi  teoalja^.  aaa.^  tjenuinates  at  Bairen-  ^land,  in.  ijke  Bay  of 
Bengal. 

On  the  opposite  aide  of  tile  globe  is  a  large  continuous  chain  of  volcanic  moimtains, 
which  commences  on  the  coast  of  the  Mexican  Gulf.  The  first  mountain  in  this  remark- 
able chain  is  a  small  volcano  called  the  Volcan  de  Tuxtula ;  then  the  high  peaks  of 
Orizaba  and  Popocatapetl ;  farther  west  lie  the  volcanoes  of  Jorullo.  Some  of  these 
mountains  are  covered  with  perpetual  snow.  The  whole  chain  extends  to  the  length  of 
one  hundred  and  forty  leagues. 

The  eruptions  of  volcanoes  are  usually  accompanied  with  emission  of  flame ;  but 
this  is  not  invariably  the  case.  Some  eruptions  are  not  attended  with  any  appearance 
of  fire,  while  all  burning  mountains  are  not  entitled  to  be  considered  volcanic.  The 
eruption  generally  breaks  out  with  violent  noise  and  concussion  of  rocks.  The  force 
by  which  these  movements  are  effected  is  most  astonishing,  and  the  diffusion  of  matter 
projected  is  often  exceedingly  extensive.  When  the  material  is  of  the  lighter  kind,  it 
is  often  conveyed  by  its  original  momentum,  added  to  the  favouring  influence  of  the 
wind,  to  a  considerable  distance.  In  September,  1845,  an  eruption  took  place  in  Iceland, 
and  the  ashes  thrown  out  were,  in  ten  hours  afterwards,  thickly  deposited  on  some 
of  the  Scottish  isles.  These  ashes  had  been  conveyed  through  some  upper  current  of 
air,  and  the  original  quantity  must  have  been  very  large  indeed.  In  an  eruption  of  a 
mountain  in  South  America,  which  took  place  ten  years  ago,  ashes  were  thrown  out 
in  such  abundance  that  the  air  was  darkened,  within  a  few  minutes  of  the  commencement 
of  the  eruption,  even  at  a  distance  of  fifty  nules,  so  as  to  prevent  recognition  amongst  the 
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mht^hsnta,  La^ia  la  only  anj^tbcr  conditioa  of  iha  aah,  but  it  ia  thi'own  fjat  in  a 
H^d  or  fufied  stele ;  tndf  gimGirally  speakings  ihu8c  moimtam^  which  throw  out  lavs  do 
^vt  ti-ffiifd  mhca.  In  tbc)  ye&r  1783,  a  tcimbk  Druption  t<>ok  ploctj  in  lodmid,  during 
which  a  prodigious  qumutity  of  Iatji  waa  thi<owii  out,  not  horn  the*  crater  of  a  yolcuio, 
but  £rom  its  ude ;  tho  molten  torrcai  flowed  slowly  dawn  the  iidc  of  ihQ  mount&La  for 
&rty-two  dajB,  dujmg  which  time  it  had  tffLTollt?d  fifty  miles ;  it  then  branchtMl  qM 
into  two  main  strcomSj  Eowing  towards  the  sea  j  one  of  them  was  forty  ^  and  the  otter  fifty 
odka  in  length.  Its  dop&  Toncd  in  difierent  parta,  accordiiig  to  lh.c  surfiic  e  of  tho  eountry 
to  which  it  adapted  iUeH,  Tanging  feom  ono  thouflaod  to  gi^  hundred  feet ;  and  it^ 
gnttoet  breadth  meaeured  fifteen  milea.  In  itsi  eourai^,  it  completely  obliterated  a  waturfalL 

In  acane  instances  hlooka  of  atone  hare  hma  upheaTi.^  and  projected  to  yost  distanees 
tn  sonus  of  1^  islanda  of 
fimrtli  Ajmwtita  One  M(>ck 
WBtgMng  200  tons  was 
thrown  to  a  fipot  nine 
miles  £pom  thi^  yolcimo 
from  which  it  waa  expel 
led.  Sometmea  this  power 
ahowa  itself  in  another 
manner,  and  changes  the 
loyd.  of  a  laige  timet  of 
oonntry.  TkoEf  in  the 
middle  of  the  last  centmy^ 
a  Tolcano  was  formed  in 
the  cemtre  of  the  grea-t 
taMe-land  of  Mc^o^  upon 
wMch  oct^isioii  a  tract  of 
gfonnd,  from  three  to  four 
square  miles  in  extent,  wa^ 
heaTod  u^  in  a  eony  ex  fbirtn 
to  the  hdlgm  of  560  fi^et^ 
froni  whicli  arose  Beyeral 
conictd  billa,  none  Icaa  tkan  000  feet  m  heigh t^  and  the  highest  of  them^  JomllOj  ISOO 
feet  higli.  The  nphimTing  hero  doaeiibGd  was  attended  with  groat  noise^  kfting  a  long 
l3me ;  and  the  inhabitants  of  the  town  aaw  fiamcs  issue  from  the  diflturhed  tract,  after 
wMeJi  the  noise  eens&d,  Two  riyciB  were  destroyed  which  liad  formerly  mn  through 
this  piu^  of  tho  eountry,  and,  instead,  of  them,  there  are  now  two  springs  of  boiling 
water.  The  formation  of  Monto  Nii0yo,  In  the  ndghbonrhood  of  Naples,  and  of  Monte 
Eosai,  upon  the  side  of  Etna,  ars  du0  to  a  lite  cai^sc ;  from  winch,  also^  not  only  am 
mourdnin^  raised  up,  hut  ejcteneiye  subsidences  take  place.  In  1 772  a  great  part  of  the 
Fapdndiiyang,  a  nxountain  in  J^ava,  was  swallowed  up ;  the  inhabitants  oif  ita  decliyitii^s 
wate  stiddeinlj  alanned  by  ti^mGBdou:s  noises  in  the  earth,  and  b&forc  thoy  had  time  to 
retire  &t!m  the  Tioinityf  the  mountain  bisgaii  to  subside,  and  soon  disappeared,  Tbe 
ar^  of  '^s  subsidence  was  no  less  than  fift:een  miles  long  and  aix  broad.  Tho  oons  of 
Etna  lias  repeatedly  fallen  in  and  been  reproduoed.  In  lo37}  and  agaia  in  1693,  tlie 
summit  of  Tesnyiui  waa  reduced  in  height;  while,  In  the  eruption  of  October,  1822^ 
D^wardfl  of  eight  hundred  feet  of  the  aneient  cono  of  that  voleano  were  cttrricd  away. 

I&ul]iq^iiakeSi^-<Tlie  immediate  effects  of  on  earthquake  ar«j  to  cia^k  u^  ^^^^ 
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surface  in  yarious  directions ;  to  make  horizontal  openings,  as  at  Polistena ;  to  change 
the  level  of  the  district,  and  to  produce  small  discontinuities  in  the  beds  of  the  earth's 
crust.  Sometimes  a  chain  of  hills  is  suddenly  produced  in  a  district  before  flat — ^an 
example  of  this  kind  having  occurred  at  the  mouth  of  the  Indus  in  1819.  Sometimes 
a  coast-line  is  permanently  uplifted — sometimes  a  depression  is  caused;  but  on  the 
whole,  volcanic  action  seems  rather  to  elevate  than  to  depress,  and  thus  tends  to 
exaggerate  the  inequalities  of  level  of  the  earth's  crust. 

If  we  could  obtain  daily  intelligence  of  the  condition  of  the  whole  surface  of  the  earth, 
we  should  very  probably 'arrive  at  tiie  conviction  that  this  surface  is  almost  always  shaking 
at  some  one  point,  and  that  it  is  incessantly  affected  by  the  reaction  of  the  interior  against 
the  exterior.    The  frequency  and  universality  of  the  phenomenon  of  earthquake  action, 

which  probably  owes  its  origin  to  the  high 
temperature  of  tlie  interior  of  tho  earth,  or  at 
least  of  Bomc  portion  of  the  deep-stated  and 
molten  ma&seaj  h  a  stiffielont  proof  of  its  'inde- 
ixjndeneo  of  the  nature  of  the  rcwika  on  which 
it  manifesto  itself* 

Earthq^uakc  shocks  hava  been  felt  even  in 
the  loose  alluvial  soil  of  Hollfuid,  as  at  Mid- 
dlcbur^j  and  Flushing  on  the  23rd  Feb.,  1828. 
Gnuute  and  mica  &Iate  art?  ahakcn  as  well  as 
limestoiUB,  BondBt^mOj  and  igncoua  rocks  of 
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modem  date.  It  is  not  the  chemical  nature  of  the  constituent  particles,  but  the 
mechanical  struct^l^e  of  tho  rocks  which  modifies  tho  propagation  of  the  shock,  or 
of  the  wave  which  occasions  it.  Where  such  a  wave  proceeds  in  a  regular  course  along 
a  coast,  or  at  the  foot  of,  and  parallel  to  the  direction  of  a  mountain  chain,  interrup- 
tions at  certain  points  have  sometimes  been  remarked,  and  continue  for  centuries,  the 
undulation  passing  onward  in  the  depths  below,  but  never  being  felt  at  those  points 
of  the  surface.  The  Peruvians  say  of  these  upper  strata,  which  are  never  shaken,  that 
they  form  a  bridge.  As  the  mountain  chains  themselves  appear  to  have  been  elevated 
over  fissures,  it  may  be  that  the  walls  of  these  cavities  favour  the  propagation  of  the 
imdulations  moving  in  their  own  direction ;  sometimes,  however,  the  waves  intersect 
several  chains  almost  at  right  angles, — an  example  of  which  occurs  in  South  America, 
where  they   cross   both  the  littoral   chain   of  Venezuela    and  the   Sierra   Parime. 
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Jbl  Asia  shookB  of  earthquakes  have  been  propagated  from  Lahore  and  the  foot  of  the 

Himalayas  (22nd  January,  1832)  across  the  chain  of  the  Hindu  Kooeh,  as  £00:  even  aa 

Bokhara.    The  range  of  the  undulations  is  sometimes  permanently  extended,  and  this 

may  be  a  oansequenoe  of  a  single  earthquake  of  unusual  violence.    Since  the  destruo* 

tbn  of  Cumana  (Central  America),  on  the  14th  December,  1797,  and  only  since  that 

I  epoch,  eyery  shock  on  the  southern  coast  extends  to  the  mica  slate  rocks  of  the  penin* 

!  sola  of  Marriquarey,  situated  opposite  the  chalk  hills  off  the  mainland.    In  the  great 

I  allnyial  yalleys  of  the  Mississippi,  the  Arkansas,  and  the  Ohio,  the  progressive  advance 

I  from  south  to  north  of  the  almost  uninterrupted  undulations  of  the  ground,  between 

!  1811  and  1813,  was  very  striking.    It  would  seem  as  if  subterranean  obstacles  were 

gradually  overcome,  and  that  the  way  being  once  opened,  the  undulatory  movement  is 

I  propagated  through  it  on  each  occasion. 

^  Chaa^e  of  Lewel  of  Irfoid. — ^If  we  proceed  from  the  study  of  the  phenomena 
exhibited  by  active  volcanoes  and  earthquakes  to  consider  whether  they  are  constant  or 
periodical,  and  whether  their  return  may  be  anticipated,  calculated,  or  provided  against, 
we  soon  find  that,  although  within  certain  limits,  and  over  very  extensive  areas,  they 
exhibit  a  certain  degree  of  rcgulaiity,  yet  that,  on  the  whole,  there  is  no  possibility  of 
determining  how  long  an  interval  may  elapse,  or  in  what  form  the  next  effect  of  dis- 
turbing force  may  appear.  Those  volcanoes,  indeed,  whose  immediate  effect  is  smallest, 
are  usually  the  most  frequently  in  action ;  and  the  districts  where  earthquakes  are  almost 
daily  phenomena  are  not  more  frequently  destroyed  in  this  way  than  those  less  imme- 
diately adjacent  spots  where  such  active  violence  is  rare.  Still  there  can  be  no  doubt, 
from  the  general  character  of  the  facts  now  known  and  recorded,  that  there  is,  in  many 
cases,  a  very  deep-seated  communication  between  volcanoes  and  volcanic  districts, 
widely  removed  from  each  other.  The  earthquake  of  Lisbon  was  felt  over  an  area  four 
times  as  large  as  the  whole  of  £urope ;  and  the  earthquake  of  Conccpcion  disturbed  an 
area  of  nearly  three  hundred  thousand  square  miles,  permanently  elevating  an  important 
proportion  of  the  whole. 

A  very  large  part  of  the  earth's  crust  is  thus  exposed  to  great  and  sudden  changes, 
effected  by  mechanical  violence,  and  incessantly  bringing  towards  or  abovo  the  surface 
some  portion  of  the  intensely-heated  matter  existing  beneath  it.  That  there  must  be 
a  considerable  pressure  over  a  large  proportion  of  the  inner  surface  of  this  crust,  and  that 
it  must  exist  in  great  measure  in  a  state  of  tension,  there  can  thus  be  no  doubt  what- 
ever ;  and  we  must  familiarize  ourselves  with  this  condition,  and  with  the  mechanical 
and  chemical  problems  suggested  by  it,  in  order  to  appreciate  fairly  the  actual  present 
condition  of  oiur  globe. 

But  when,  in  addition  to  these  effects— small,  indeed,  in  proportion  to  the  whole 
surface,  but  not  small  in  their  general  result— we  consider  other  movements  that  are 
undoubtedly  taking  place  on  a  far  more  extended  scale,  when  we  find  that,  where 
there  is  never,  or  very  rarely,  any  earthquake  movement,  there  may  stiU  be  a 
constant  change  of  level  over  the  whole  area  of  a  vast  continent,  we  shall  be  in 
a  still  better  position  to  appreciate  the  full  extent  of  those  modifications,  which  it 
requires,  not  merely  years,  but  centuries,  to  render  distinctly  manifest  to  the  eyes  of 


In  such  cases,  however,  the  difficulty  of  perceiving  the  change  is  rather  a  mark  of 
its  magnitude  and  importance  than  a  reason  for  its  being  left  out  of  consideration.  The 
greatest  changes  are  those — not  of  a  day  or  a  year — ^but  those  which  take  centuries,  or 
eren  thousands  of  years,  to  accomplish. 
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Tens  of  thotuands  of  yean  must  pass  away  ere  some  of  those  ofher  strict]y» 
periodical  moTements  are  concluded,  whose  nature  we  know,  and  whose  rate  we 
measure ;  and  which  serve  to  bind,  not  otir  earth  only,  but  the  system  of  planets  to 
which  we  belong,  to  the  oth^  bodies  and  systems  of  similar  kind  in  the  uniyerse. 

No  less  considerable,  perhaps,  is  the  time  required  to  complete  some  great  period  in 
the  earth's  own  history.  Tblsy  at  least,  is  the  natural  condusicm  to  which  we  arriye  by 
the  study  of  existing  nature ;  and  it  is  a  conclusion  fully  borne  out  by  every  result  of 
observation  with  regard  to  the  past,  and  every  principle  of  analogy  presented  in  Ihe 
scienoes  most  nearly  allied. 

Not  only  may  we  trace  the  result  of  subterraneous  action,  as  exhibited  on  a  grand 
scale  in  earthquakes  and  associated  with  volcanic  phenomena,  but  also  in  many  parts  of 
the  world  where  such  indications  of  destructive  violence  are  rarely  or  never  exhibited. 
Among  the  more  remarkable  instances  of  this  kind  may  be  quoted  ihe  numerous  raised 
beaches  on  our  own  coast,  and  along  the  greater  part  of  the  north-western  portion  of 
Europe-^the  occasional  submarine  forests  observable,  often  in  the  immediate  neighbour- 
hood of  the  elevated  tracts,  and  the  singular  instances  in  the  Eastern  Archipelago,  and 
the  coast  of  South  America,  of  very  large  tracts  of  country,  extending  hundreds  and 
even  thousands  of  miles,  undergoing,  it  wotiM  seem,  a  slow  but  continual  change  of 
level,  in  the  one  case  consisting,  on  the  whole,  of  elevation,  and  in  the  other  of 
depression. 

The  evidence  of  movements  of  this  kind  is  very  complete,  especially  with  reference 
to  long  jKjriods  of  time  marking  geological  epochs. 

In  England  the  whole  of  the  south  and  west  coast  exhibits,  at  intervals,  distinct 
marks  of  elevatioA,  alternating  sometimes  with  depression,  the  elevation  amounting  to 
firom  a  few  to  about  sixty  feet  above  the  present  high-water  mark.  It  will  readily  be 
understood  that,  in  consequence  of  movements  of  this  extent,  there  is  occasionally  laid 
bare  not  only  an  ancient  sea-beach,  but  the  former  bed  of  a  sea,  and  in  fact  raised  sea- 
bottoms,  analogous  to  the  ancient  beaches,  are  weU-marked  phenomena,  not  unfre- 
quently  exhibited. 

When  we  consider  the  facts  thus  brought  to  light  by  an  examination  of  existing  sea- 
coasts,  and  find  marks  of  change,  efibcted,  it  would  seem,  within  a  comparatively  recent 
period,  it  is  scarcely  possible  that  we  should  not  be  struck  by  the  fact,  that  while  all  seems 
still  and  unchanged,  these  not  inconsiderable  movements  may,  be  modifying  all  the 
various  conditions  of  organic  existence  in  these  parts  of  the  globe.  For  it  is  no  unim- 
portant fact  that  the  general  level  of  a  country  is  raised  or  depressed  from  its  former 
condition.  The  drainage,  the  temperature,  the  quantity  of  rain  that  falls,  and  other 
important  matters,  are  all  affected  by  such  change ;  and  when  the  alteration  extends  to 
the  whole  coast-line  of  an  island,  it  is  only  reasonable  to  conclude  that  the  whole 
surface  of  the  island  is  more  or  less  acted  on,  although,  from  the  extreme  slowness  of 
the  change,  it  cannot  be  measured  by  any  of  the  ordinary  moans  available. 

On  a  line  of  coast  easily  eroded  by  the  action  of  the  waves,  and  in  a  district 
in  which  cultivation  soon  destroys  every  vestige  that  may  have  been  left  at  a 
distance  from  the  shore,  these  difficulties  are  even  greater,  and  can  hardly  be  so  far 
surmounted  as  to  allow  us  to  obtain  exact  results.  But  when  wo  can  examine  carefully, 
and  by  actual  measurement,  localities  removed  some  distance  from  the  coast,  we  then 
may  obtain  certain  knowledge  both  as  to  the  amount  of  the  elevation,  and  the  direction 
of  the  elevatory  force.  An  opportunity  of  this  kind  is  offered  on  the  north-western 
coast  of  Europe,  where  the  deep  and  narrow  inlets  called  jQords,  so  characteristic  of  the 
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AxaeB  of  "Sonrsy^  htcre  alloired  obsermtionB  to  he  made  more  direct  and  deciahre  thaa 
any  others  of  tike  kind  hitherto  reeordod. 

It  there  appears  that  the  south-east  coast  of  Norway  has  heen  elerated  ahoat  two 
Inmdied  yards  within  a  oomparatiTely  rooent  period ;  that  the  whole  coast,  up  to  Capo 
North,  has  also  undergone  elevation,  though  not  to  quite  so  great  an  extent ;  that  this 
deration  is  neaily  equal  o?er  oonsidenhle  tracts,  the  lines  of  ancient  sea  level  (which 
ca  he  deady  traoedQ  being  very  nearly  horizontal,  and  gradually  dying  away  towards 
the  interior  of  the  country. 

Depression  of  Land.— In  singular  contrast  with  observations  of  this  kind  on 
land  near  the  arctic  circle,  and  illustrating  similar  important  changes  on  a  very 
gnmid  scale,  we  come  next  to  the  consideration  of  a  vast  multitude  of  islands  in  the 
great  Eastern  Archipelago,  and  elsewhere  in  the  tropical  seas,  suiroundod  and  appa* 
ToAf  formed  by  solid  material,  secreted  by  a  minute  animal,  the  coral  polyp. 


BLOCEB  OF  CORAL. 


It  would  seem  that  nothing  is  more  striking  or  picturesque  in  the  warm  seas  near 
the  Equator  than  the  coral  islands,  of  various  kinds,  that  abound  in  certain  parts,  but 
are  never  seen  in  others.  They  are  of  three  kinds :  fringing  the  sides  of  consider- 
able i«iil«T|i1gj  and  having  a  manifest  foundation  in  the  land  adjoining ;  forming,  as  it 
were,  barriers  of  coral  detached  from  the  land  and  having  an  intervening  shallow  basin 
between  the  outer  reef  and  the  island ;  and  entirely  detached  from  the  land,  forming 
drdots  of  coral  ree^  with  a  basin  or  lagoon  included-— these  latter  being  called  lagoon- 
islands,  atoHa. 

The  circumstances  under  which  the  coral  animal  builds  its  singular  habitations  on 
a  large  scale  are  very  well  known  and  clearly  limited.  The  animal  cannot  live 
at  a  greater  depth  than  twenty  to  thirty  fathcmis ;  but  great  masses  are  found,  in  Htu, 
at  a  £eix  greater  depth  than  this.  The  only  explanation  is,  either  that  the  waters 
of  the  sea  have  greatly  risen  in  some  particular  parts  of  the  ocean — a  manifest  absurdity 
—or  that  the  land  on  which  these  corals  first  grew  has  sunk  down  just  as  the  land  in 
Korth-westem  Europe  is  rising.  A  coral  reef,  consisting  of  a  fringe  of  live  coral  attached 
at  a  moderate  depth,  is  the  simplest  phenomenon  of  the  kind,  and  is  easily  imder- 
stood.  This  is  called  a  fringing  reef ;  and  as  the  animal  only  grows  vigorously  when  much 
exposed  to  the  beating  of  the  waves,  the  limit  of  its  extension  is  easily  determined.  But 
if  this  whole  island  now  sinks  down  slowly,  the  lowest  part  of  its  coral  will  gradually 
die,  and  new  portions  rise  still  to  low  water.  Owing  to  the  comparative  shelter  within 
the  circle,  there  is,  however,  a  very  shallow  basin  formed  between  1^e  ouVjst  edi^  «aA  \ 
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the  land.    In  this  state  it  is  called  a  barrier  reef,  and  one  or  more  islands  will  be  sur- 
rounded, perhaps  at  some  distance,  by  this  singular  shelter. 

If  the  barrier  reef  sinks  still  further,  it  becomes  at  last  an  atoll. 

The  result  of  the  investigations  on  this  subject  is,  that  where  these  atolls  and 


dbam's  ulaks. 

barrier-reefs  exist,  there  has  been  long-continued  subsidence  within  a  comparatiyely 
recent  period.  In  this  condition  are  several  large  tracts  in  the  tropics,  parallel  to,  but 
removed  some  distance  from,  other  tracts  in  which  we  have  evidence  of  recent  elevation. 
Perhaps  the  most  remarkable  area  of  depression  is  that  including  the  Caroline  and 
the  Low  Archipelagos,  extending  nearly  eight  thousand  miles,  -Nvith  a  breadth  of  about 
two  thousand  five  hundred  miles. 

There  has  been,  therefore,  in  this  wide  tract,  now  only  occupied  by  islands,  scarcely 
seen  above  the  sea-level,  and  in  part  kept  in  existence  by  the  continual  labour  of  the 
coral  animal,  an  ancient  tropical  continent,  rivalling  the  two  Americas  in  magnitude, 
and  greatly  modifying  the  temperature  and  climate  of  that  part  of  the  world  in  which 
the  change  has  taken  place. 

Such  is  the  evidence  on  which  we  assume  that  there  are  districts  of  the  earth  now  under- 
going depression  on  a  scale  not  dissimilar  to  nor  indeed  unconnected  with  that  on  which 
we  recognise  elevation.  By  observations  of  this  kind  on  low  islets,  which  now  only 
retain  their  existence  owing  to  their  having  been  found  convenient  for  the  habitation 
and  structures  of  the  coral  animal,  we  are  enabled  to  recognise  the  last  vestiges  of 
lofty  peaks,  which  once,  perhaps,  existed  as  mountains  penetrating  the  region  of  the 
elouds.  We  may  thus  reconstruct  in  imagination  the  land  which  has  been  submerged, 
and  may  even  be  induced  to  speculate  concerning  the  date  of  the  submergence,  and 
the  plants  and  animab  that  clothed  the  ancient  continent. 

Considered  in  their  extent  and  in  their  bearing  on  the  general  argument,  these 
various  facts  and  probabilities  with  respect  to  disturbance  of  the  earth's  crust  suggest 
conclusions  in  the  highest  degree  important  and  interesting.  We  have  seen,  for  instance, 
that  the  solid  framework  of  our  globe  is  frequently  exposed  to  the  action  of  subter- 
ranean forces ;  obtaining  relief  from  time  to  time  by  volcanic  outbursts  of  melted  rock 
and  ashes,  thrust  forth  frt)m  beneath  with  almost  inconceivable  force  and  velocity — and 
occasionally  tearing  asunder  the  thin  crust  that  has  cooled  over  the  boiling  and  restless 
mass  beneath,  producing  undulations  and  earth- waves  which  embrace  in  their  vibrations 
a  large  proportion  of  the  surface,  which  carry  terror  with  them,  and  leave  destruction 
behind  them*  We  have  seen,  also,  that  besides  movements  of  this  kind,  readily  and 
immediately  perceived,  there  are  others,  afEccting  areas  no  less  extensive,  and  in  a  still 
greater  and  more  permanent  manner ;  modifying  the  form  of  land,  producing  or  destroy- 
ing continents  and  islands,  and  effecting  changes  which,  in  their  turn,  influence  the 
conditions  of  life  upon  the  earth. 

Clianges  of  this  kind — so  considerable  that  it  is  difficult  fully  to  realize  their  amount, 
so  majestic  in  their  progress  that  the  age  of  man  ia  hardly  an  appreciable  instant  in 
r^arence  to  the  time  they  occupy,  so  directly  influencing  the  great  physical  features  of 
the  earth  that  our  speculations  with  regard  to  them  carry  us  back  to  an  early  period 
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of  its  existenoe— will  at  onoe  be  recogniaed  as  of  tho  most  vital  importance  in  lefiBienee 
to  the  continuous  and  ancient  history  of  our  globe. 

And  the  facts  tibufl  learnt  harmonixe  perfectly  with  other  phenomena  of  nature,  iat 
they  speak  of  tho  existing  condition  of  things  as  incidental  and  not  permanent— as  a 
part,  and  a  very  small  part,  of  a  mighty  and  continuous  whole. 

They  remind  us,  also,  that  if  we  study  nature  we  must  everywhere,  and  at  aU  times, 
eiqpect  modification  and  change.  The  ideas  of  matter  and  motion  are  seen  to  be  inse- 
parable, and  no  rational  conclusions  can  be  arrived  at  without  bearing  this  truth  con- 
stantly in  mind. 

AqiMOUS  Action.— Bearing  in  mind  tho  actual  configuration  of  tho  globe,  tho 
relations  of  the  land  and  water  which  form  its  surface,  and  tho  extent  to  which  eloya- 
yation  and  depression  are  going  on,  let  us  next  consider  tho  changes  that  are  produced 
by  those  agents  which  are  in  the  ordinary  sense  of  tho  word  natural,  as  not  surpassing 
the  every-day  operations  of  nature. 

Such  alterations,  so  far  as  they  ore  manifest,  arc  of  three  kinds :  including,  first,  those 
brought  about  by  the  agency  of  life  in  all  its  forms ;  secondly,  those  simply  mechanical, 
^EiBcted  by  rain  and  other  atmospheric  causes,  by  rivers  in  their  course  to  the  sea,  by 
marine  currents,  by  the  action  of  the  tides,  by  occasional  storms  and  by  floods,  by  the 
transport  of  icebergs,  &c.,  in  addition  to  ordinary  volcanic  and  earthquake  results,  erup- 
tions of  lava  and  othor  solid  matter,  and  tho  slow  upheaval  of  large  tracts  of  land 
unaccompanied  by  violence ;  and  lastly,  the  changes  produced  by  the  action  of  mag- 
netic currents  passing  through  the  crust  of  the  earth,  and  cfiecting  their  results  also 
during  the  lapse  of  time,  assisted,  perhaps,  by  the  mechanical  displacements  and  evolu- 
tions of  heat  derived  from  volcanic  influences. 

The  changes  effected  upon  the  earth's  surface  by  mechanical  agency  are  very  much 
greater  in  every  respect  than  could  readily  be  believed  without  actual  calculation. 
Every  shower  of  rain  that  falls  in  a  mountain  district  washes  down  some  particles 
from  the  solid  rock ;  every  winter  frost  detaches  multitudes  of  larger  fragments ;  every 
occasional  storm  produces  likewise  its  effects.  All  these  particles  of  matter,  some  in  the 
form  of  impalpable  mud,  others  in  larger  particles,  and  others  in  the  shape  of  gravel 
and  blocks  of  stone,  arc  carried  down  the  steep  gullies  and  river  courses  towards 
tiie  plains,  and  thence  onwards  to  the  ocean ;  and  unless  they  are  first  intercepted  by 
extensive  lakes,  the  matter  brought  from  the  high  grounds  is  thus  carried  on,  till  the 
water,  losing  its  rapidity  of  motion,  loses  also  its  power  of  conveying  substances  heavier 
than  itself^  and  the  mud  is  deposited  either  in  the  bed  of  the  ocean  or  at  the  mouth  of 
tiie  river,  according  as  the  river  cmrent  is  sufficient  or  not  to  make  head  against  the 
tidal  changes  of  the  open  sea.  One  or  two  instances  of  each  kind  of  the  termination 
of  river  courses,  will  give  a  sufficient  idea  of  the  nature  of  these  operations. 

The  river  Ganges,  with  its  confluent  the  Burrampooter,  empties  itself  into  the  sea, 
at  the  head  of  Uie  great  Bay  of  Bengal,  by  a  vast  multitude  of  small  channels.  These 
commence  to  branch  off  from  the  main  stream  at  a  distance  of  about  220  miles  from  the 
sea,  and  form  a  triangular  area,  whose  base  at  the  Bay  of  Bengal  is  about  200  miles  long. 

The  whole  area  of  upwards  of  20,000  square  miles  thus  inclosed  forms  what  is 
called  from  its  shape  a  delta,  and  it  is  found  on  examining  this  delta  that  the  whole 
mass,  to  a  great  depth,  consists  of  the  mud  and  other  matter  brought  down  by  the  river 
in  the  course  of  ages. 

Now  it  may  seem  almost  extravagant  to  assume,  from  any  superficial  observations, 
that  20,000  square  miles  of  solid  land  could  be  by  any  possibility  dcpoai\ei\s^  ^  T)::<;^ 
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at  ita  mouth.  But  no  onu  will  doubt  that  whateyer  may  be  the  rate  of  the  river  cur- 
rent, it  cannot  but  bo  greatly  checked  by  passing  through  these  hundreds  of  nazzow 
ohannt^bs  and  must  therefore  dopoait  in  them  a  very  large  quantity  of  the  heayier  mud 
it  oonveyi.  It  haa  been  calculated  by  Major  Bennel  that  during  the  flood  seasooi 
as  much  as  4fi0  millions  of  tons  weight  of  mud  are  brought  down  daily  by  the  rivers 
in.  question)  and  either  deposited  in  the  difii»^ent  branches,  or  increase  the  size  of  the 
delta  by  enorooching  yet  fUrther  on  the  Bay  of  Bengal.  It  will  pexhapa  assist 
the  roader  in  farming  an  idea  of  this  quantity,  to  state  that  it  is  equal  to  about  a  Inm- 
dred  times  the  mass  of  the  groat  Pyramid  of  Egypt,  and  that  if  the  deposit  were  to  go 
un  doily  at  this  rate  tott  half  a  century,  there  would  be  a  quantity  of  matter  equivalent 
to  a  ati^tum  a  yard  thick  over  tho  whole  20,000  square  miles  of  the  delta. 

AVhtm  the  current  of  tho  river,  as  it  empties  itself  into  the  ocean,  is  so  power&l  as 
to  prootH^  onwards  in  spite  of  the  tides  and  marine  ciurents,  a  different  result  is  piio- 
duotnl,  Tho  mighty  river  of  tho  Amazon,  in  South  America,  is  a  remarkable  inntanfte 
uf  thia,  t<st  ihU  8trt^au)i  Uuidod  with  mud  and  heavy  detritus,  may  be  distinguished  from 
the  pure  wator  of  tho  set)  at  a  distance  of  three  hundred  miles  £rom  land.  A  vast  traot 
of  skwamp  is  fvurmtxl  alimg  tho  coast  in  the  direction  of  the  marine  current  by  this  mod, 
and  tho  shallow  soa  alimg  that  coast  is  rapidly  being  oonveitcd  into  land. 

Bivera,  under  oixUnary  tvuditions*  thus  brin^  down  and  deposit  at  tiiieir  months,  or 
in  tho  lakod  through  which  their  waters  pass,  very  larg<^  quantities  of  solid  natter;  but 
ihe  o^va^uvvual  fivshoU  and  the  floods  that  art^  common  in  all  mountain  districts  pro- 
duce yet  moro  striking  dfet^tsit  and  firequently  renove  fragments  of  rock  and  large  qnan- 
titii^  odf  earthy  matletr.  Kven  in  Scotland  iastanees  are  not  rare  of  floods  of  water 
carrying  away  brid^^  and  moving  fra^nDaents  of  rock  of  many  tons  wcig^  and  the 
eB^'ta  in  the  Alps  and  other  loftier  chains  in  lenpefate  and  cold  regioiis  are  vexy  much 
gi^MtiNr.  Within  the-  last  £^w  yews,  owin^  to  some  cause  probably  connected  willi  tlie 
laeltiag  oXsttows  in  the  Andets,  the  inhabitants  of  a  district  in  2(ew  Gimuida,  ^BOflt 
WEkder  tho  e^uinocdal  Uufiv  ahotti  4^  ^.  lat.>  were  ahoosl  all  destroyed^  and  their  hooses 
Cftiried  aw4^  by  a  tonrant  ofmud^  sloifees,  and  giavtl^  the  amoant  of  whidhis  cmlrnlatfd 
to  haxe^  «xce«4cd  :d30  milhoBS  otf  tons  wei^t 

m»«iM»  ar^  afeo  mighiT  ag«&t»  of  change.  It  k  wcH  knows  tikst  hi^ 
t«ix»  in  aU  psorts  of  tho  wvcld  an^  coB^antbr  eorrred  wi^  sbov«  thMtrta^aatK] 
dwrittg  :j^uwB»er  «o«  rising  sulirci»«tly  to  m^  away  this  eoTvrin^.  £Tca  ia&e 
we  ataiy  ri{$^  iKNut  the  afeost  intense  hsat?  of  sikMHMr  throo^  erecy  ^rsidicboa  o£ 
W  f4»pe«twl  wiftjbirr.  At  the  «^taagr  tihe  hne  a*  whic^  the  «a>w  neivr  ndts  is  abmi 
X4^(>M>  j(^^  ahi^ve  the  sea.  Inthe^issAt^it  hoi^dtBiimt^iedto  ^boss  $7^0  jiaet,.aad 
still  niMe«r  the  actic  «««Ie  it  dssc«Hls  sttlL  low«r.  tuifti  al:  Iia^  it  Rsdisas  to  ti^  voy 
:>eii  VveL 

Stti^w^^IfliiJt  VkHuaMBas^  Sfe  not  g!bk*»»Sv  aur  do  glaciets  beloni*  osdnsLvcly  ta  tLe 
snowy  regtfkwu  Thecoai2iiotifi»ttof  a  j^'ierisamiirofmiaen^ttir^ 
Ol  ^tke  rajtttfleathMb»  oif  t^e  hin^ter  valleys.  It  is  ^i^  ou&let  of  some  o£  ^e  ^mt  c«mp>  i 
xooss  0^'  Sttowv  bein^  i  pcoloogitfiitiit  of  the  winfier<wodii  ahove«  oden  prutnuJiid.  zBte^  tihi  ' 
nutito  Oif  want  slopeuv  :ubl  emfs  to  the  borders  ot*  coMvs&ott.  It  moves  on.  Hhe  &  rivers  I 
wit&  a  stoftiy  liow^  and  thooght  no  eye  «»n  tsaoe  its  Bh^dMLit  is^  pressed  onwattfe  P«rp«-  ! 
tuaZlyv  and  ito  termrrwrwm,  appacenflLy  an  Jmrne^eahle  «ffystal  waiX»  is.  ta  tik.t  pergeaurilr  ! 
cbiux^itt^ — d  stadouary  ibrm  it  which  tho  ;>ub:>£aQee  was^js— a  thing:  pemmmiBfi  ia  t&e  ■ 
a^'t  of  «iissol]ciciea.  | 

For  the  {fwafier  part  of  its  c«>Qzse  a  ^{acier  is  ttstiall^  oovtn^  with  bioej^  o£ 
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whidi  ue  boniLQ  upon  iU  lurfiice.  These,  which  «ro  oftm  of  Tist  dlmenBioiu,  vn  vpllt 
oif  Iram  tii0  pea}^  of  the  Mglier  iao«TitamH>  and  by  ihB  expitaiion  of  water  in  ooolin^ 
£iQ  &f:mi  tJie  cllj£i  which  haimd  tho  ddea  of  thi3  g^lacicr  dimng  the  middle  part  of  its 


^Hmj  maj  h&«i^  to  troco  tho  rjittc  of  motion  of  the  tcnrcnti  and  ore  aeon  &c]m 
jBtr  to  jetr  d^esoending  witJi  it,  tiie  glacier  becoming  hurde^od  with  a  constantly  increas- 
ing charge,  and  at  length  depoaittng  these  mefcy  &igmDats  at  itd  finol  ertretnitj.  It  is 
chieflj  &Qm  tho  fact  tliat  it  conTpys  these  fragments  to  a  distoncei  and  there  fonns  a 
fi^eifloiHl  deposit  of  a  Tory  remarkablo  kind,  that  the  gkeioi^  arc  objoots  of  interest  to 
ilie  geologisti  and  pLiy  an  important  part  among  the  agents  of  changes  on  the  earth's 
43r£iee»  Their  lowor  parts  are  amuotimcs  completely  dorkcood  with  i^m  quantity  of 
tocka  which  am  in  the  act  of  being  tronsportod  to  a  distant  loooUtyf  and  the  dimeajdims 
of  those  roeks  Tary  oxooodingly,  including  some  fm^ments  measuring  hundred!  of 
ubansand^  of  cubic  feet,  and  innumcrablo  othei^  of  smaller  size. 

Xce1»ezgfl. — In  a  country  like  Switzerland,  and  under  prrscaxt  conditiona  of  tem- 
pGi^ture;^  the  cxtmmo  effect  of  Racier  motion  is  to  deposit  stouQs  and  graTi^  on  the 
oi^  and  near  tho  tirnniQation  of  some  of  the  ralloys  of  the  higher  mountains  ^  but  it 
wcmld  appeaj*  from  the  examination  of  the  opposite  mountain  of  the  Jura  (distant  about 
fifty  milcia)  that  their  e^ots  were  not  always  so  limited  but  Ihat  the  ^'^traam  of  etoncs 
WIS  formerly  earned  across  the  great  TaHey  of  Switzerland.  "WTiateyer  the  canso  of 
tMa  may  he,  there  is  no  doubt  that  in  morti  noxthcm  climates  these  icy  mountains 
frequently  come  down  into  the  ocean,  and  are  oft&n  broken  off  and  floated  away  by 
mAriue  currents.  The  number  of  iccbcrRB— aa  they  arc  csiled  whnn  in  this  state — - 
Jwmually  floated  off  from  tho  Arctic  Seas  into  southern  latitudcS|  is  far  ^ater  than  could 
be  imagined,  sinee  as  many  as  five  hundred  hare  hccn  counted  in  Tiew  at  one  time  m 
lititnde  70'  N,,  while  a  considerable  number  are  oonToyed  moic  than  2(f  south  of  that 
ktitade  before  they  are  melted. 

Tbe  fragments  of  ice  thua  distributed  over  the  Athmtio  Ocean,  and  generally,  nodoubf^ 
IB  ik>aily  the  eamc  course,  in  confloquence  of  the  preTaient  eurrenta,  cannot  but  pro- 
dace  a  considerablo  effect  in  forming  depMits  on  the  sea-hottom»  Iceteigaatft  oi  y^^:JQa 


\ 
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dimenaions-^flamGi  eitrcmjoly  IflrgSy  and  loaded  vith  great  blne^s.     WhateTier  Bize  thiey 
mAf  "posa&m  abore  water,  there  must  bs  a  mass  ciLormouslj  plater  bebw,  Binoe  £tr 


^vtary  cubic  foot  visible  tbore  must  be  at  least  cigbt  cubic  feet  out  of  sight. 
tbct^fcrc,  we  arc  told  of  islands  of  Ice  two  miles  iu  circumference  and  <«ie  hundred  and 
fifty  feet  lugh,  wo  need  not  be  a^jtouished  at  learning  that  tbej  have  been  feuud 
stmudod  iu  water  fifteen  hundred  feet  deep.  The  effect  of  the  stranding  of  sucli 
eaottuoua  raasaes,  and  the  q^uantity  of  gravel  and  blocks  of  stone  deposited  at  tlie  s<^a- 
bottom  during  the  melting,  it  m  scarcely  possible  to  imagine. 

Actloit  of  the  Sea. — ^^arine  currents  dflUy  w^Qlt  away  portions  of  the  coast  wmdied 
by  them,  some  of  the  roault^  of  which  ore  seen  in  the  chalk  elifilt  of  the  Isle  of  Wight 


n,  I^tgI  of  low  water. 
ft^  iGVi^l  tjf  high  wflttr* 
«f,brcik?li  fragment  of  tlii?  dtff  e^ 


^.^Bii 
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and  of  Nonnandj',  while  on  a  grander  scala  the  some  process  is  going  on  in  the  noHli  of 
Scotland,  where  tbe  sea  has  cut  for  itself  a  passage  through  cUfis  of  the  hardest  per* 
phyry,  separating  islands  jfirom  the  main-land,  and  tearing  these  islands  to  shreds,  until 
at  hist  even  thcr&o  aro  w^hed  away,  victims  to  the  resistless  violence  of  moving  water. 
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The  poceoediiig  disgnun  wdl  illuBtrates  the  tidal   action  on  a  cliff  in  the  Islo  of  Olcron 
in  France. 

The  extent  of  solid  matter  deposited  in  new  places  by  the  action  of  water  is  excccd- 
in^7  great,  and  really  produces  a  yery  considerable  change  in  the  lapse  of  centuries. 
I  Bat  there  is  another  kind  of  action  also  going  on  on  our  globe,  which,  although  of  a 
j  directly  oppodte  nature,  is  not  loss  effectual.  The  numerous  yolcanocs,  and  centres  of 
Totcanio  emptian  distributed,  as  has  been  already  described,  over  the  earth's  surface^ 
pour  out  melted  rook  and  yarious  heated  substances  upon  the  surface,  and  produce 
itOQBge  aad.nnezpeoted  additions  to  the  solid  matter  of  the  globe. 

Sooh  imtlinea  as  haye  been  giyen  may  seryo  to  commimicate  a  notion  of  the  intensity 
tti  powtT  of  the  farces  now  in  action,  and  a  careful  study  of  them  will  greatly  assist 
In'flHainfng  distinct  ideas  regarding  geological  changes.  And  this  is  the  case,  because 
lAtAttfOt  amy  be  the  di£ference  of  degree  and  intensity  with  regard  to  the  causes  that 
iHtTO  poToduced  tibe  appearances  recorded  by  geologists,  there  can  be  no  doubt  that  the 
odj  true  and  sound  basis  for  all  speculations  concerning  them  should  bo  a  consideration 
«f  lAttl  is  now  going  on  in  any  analogous  mode.  It  will  soon  appear,  when  we  begin 
to  iliidy  ihe  £eu^  of  Geology,  that  these  arc,  to  a  great  extent,  due  to  causes  so  similar 
Mb  m  09ti  scarcely  distinguish  between  them ;  for  the  strata,  and  disturbances  of  strata,  | 
pRBMBt  "vvy  nearly  the  same  appearances  as  those  now  in  course  of  deposit,  or  now 
Ixmg.dSrtiirbed  by  the  forces  just  described.  I 

^■gHWlft  InflUMice. — ^But  we  must  not  Icaye  out  of  yiew  another  very  marked  { 
agent  in  modifying  the  earth's  crust— namely,  that  which  is  connected  with  organic  | 
existenoe.  In  the  yegetable  world,  and  in  tropical  countries,  the  results  thus  produced  | 
both  on  land  and  at  riyer  mouths  are  very  important ;  for  we  find  vast  tropical  forests  I 
sometimes  changed  by  slight  disturbances  of  level  into  swamps,  while  at  other  times  the 
trees  are  carried  away  by  floods  and  deposited  in  river  beds,  or  conveyed  down  to  the  | 
open  sea.  Other  and  not  less  important  modifications  arc  also  effected  by  plants  of  small 
aise  poroducing  peat. 

But  it  is  animals  of  low  organization  that  affect  in  the  most  striking  manner 
the  actual  solid  substance  of  the  earth — ^their  skeletons  occasionally  forming  extensive 
and  thick  beds,  and  the  living  individuals  and  groups  building  up  whole  mountain 
masses,  compared  with  which  the  most  mighty  and  magnificent  of  human  labours 
shrink  into  insignificance.  Among  these,  the  polyp  which  forms  coral  islands,  the  yet 
less  manifest  foraminifera,  and  the  minute  and  almost  invisible  infusorial  animalcules 
are  remarkable  instances ;  and  certainly  it  is  calculated  to  stagger  the  fiEdth  of  any 
one  when  he  hears,  .for  the  first  time,  that  masses  of  rock,  many  leagues  in  extent, 
are  founded  in  the  depths  of  the  ocean,  and  that  these  are  built  up  to  the  height 
of  hundreds  of  feet,  by  minute,  frail,  and  gelatinous  animalcules.  The  prodigious 
extent,  indeed,  of  the  combined  and  unintermitting  labours  of  these  little  world 
architects  must  be  witnessed  in  order  to  be  adequately  conceived  or  realized.  They 
have  built  up  a  barrier  reef  along  the  shores  of  New  Caledonia  for  a  length  of 
four  hundred  miles,  and  another  which  runs  for  one  Aousand  miles  along  the  east  coast 
of  Australia.  They  form  also  circular  rings  or  islands  rising  out  of  the  deep  water, 
an  account  of  one  of  which  may  bo  given  as  an  example  of  their  labours.  Those  of 
small  size  measure  fifty  miles  in  length  by  twenty  in  breadth,  so  that  if  the  ledge 
of  ooiral  were  extended  in  one  line,  it  would  reach  one  hundred  and  twenty  miles  in 
length.  Assuming  such  a  ledge  of  coral  to  be  a  quarter  of  a  mile  broad  and  one  hundred 
and  fifty  feet  deep,  we  have  here  a  mound  compared  with  which  the  N7a!l[\&  oi'&^TJVtcn^    \ 
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the  great  wall  of  China,  or  the  pyramids  of  Egypt  are  but  ohildrep's  toys ;  and  it  is 
built  amidst  the  waves  of  the  ocean,  and  in  defiance  of  its  storms,  which  sweq^  away 
the  more  solid  works  of  man. 

But  animals  infinitely  more  minute,  and  apparently  more  helpless,  than  these  pjal 
polyps  also  form  important  deposits  on  the  earth's  surface.  Certain  kinds  of  siliceoas 
stone  used  in  polishing  metals,  and  known  under  the  name  of  Tripoli  and  Polishing 
slate,  are  entirely  composed  of  the  siliceous  cases  of  the  infusorial  animalcnles,  and  at 
one  spot  in  Bohemia  there  is  a  single  stratum  of  this  substance  not  less  than  fourteen 
feet  thick,  every  cubic  inch  of  which  has  been  estimated  to  contain  the  flinty  skeleton 
of  more  than  forty  thousand  millions  of  individuals. 

Thiis,  then,  it  appears  that  there  are  constantly  going  on  great  and  important 
changes  of  the  physical  features  of  the  globe,  even  so  great  as  to  afibct  the  relative 
distribution  of  land  and  water,  and  that  these  changes  are  produced  partly  by  the 
transporting  power  of  water  and  by  the  aid  of  frost ;  partly  also  by  the  upheaving  and 
ejecting  of  matter  by  volcanic  agency ;  and  partly,  too,  by  means  of  the  ceaseless 
labours  of  organized  being,  some  of  them  so  minute  that  they  cannot  be  appreciated  by 
the  unassisted  eye. 

Xlecapitulation. — It  may  be  worth  while  now  to  bring  back  the  reader'^  attentioa 
to  the  mode  in  which  the  various  fiaujts  and  deductions  of  the  science  have  been  pre- 
sented, and  the  object  which  it  has  been  endeavoured  to  keep  constantly  in  view. 

Nature — understanding  by  that  term  the  conditions  under  which  matter  and  motion 
are  presented  to  the  human  intellect  by  the  agency  of  the  external  senses-— Nature  is 
everywhere  before  us,  and,  whether  we  will  or  not,  must  produce  a  certain  effect  upon 
us.  "We  may  study  or  not  the  various  departments  involved  in  the  simple  observation 
of  external  nature — we  may  reflect  upon  or  neglect  the  contemplation  of  that  beautiM 
and  invariable  harmony  which  reigns  throughout  in  the  laws  and  methods  according  to 
which  matter  is  arranged— -we  may  be  exclusive  in  our  devotion  to  a  special  subject,  or 
we  may  wander  discursively  over  all— in  a  word,  we  may  be  as  regardless  or  as  entho- 
siastic  as  we  will,  but  we  cannot  escape  being  influenced  and  affected  by  every  law  and 
every  modification  of  it.  Thus  it  is  that  the  study  of  Nature  is  a  personal  matter,  and 
in  some  form  or  other  is  the  source  of  all  our  purest,  best,  and  most  lasting  enjoym^its. 
It  has  been  endeavoured  to  illustrate  the  subject  of  Physical  Geography  by  familiar 
examples,  proving  the  groat  principle  of  mutual  adaptation  and  mutual  relatioa 
everywhere  present,  and  to  show  that  nature  is  one — ^governed  everywhere  by  the  same 
laws,  following  everywhere  and  always  the  same  plan,  and  producing  that  very  har- 
monious variety  which  is  so  essential  for  our  appreciation  of  beauty  by  the  necessary 
and  invariable  action  of  a  few  simple  and  easily  understood  arrangements. 

For  this  purpose,  those  general  facts  relating  to  our  planet  were  fijrst  brought  under 
notice  which  connect  the  earth  with  a  great  and  wide  system,  extending  indefinitely  in 
space,  and  not  limited  by  any  boundary  that  we  can  even  imagine.  All  these  varioiis 
and  innumerable  spheres  move  in  perfect  harmony,  each  in  its  accustomed  course,  not 
uninfluenced  by  the  rest,  nor  without  influence  upon  them,  but  not  interfering,  and 
exhibiting  no  elements  of  discord.  "We  then  proceeded  to  consider  the  action  of  the 
Imponderable  agent  which  we  call  heaty  in  consequence  of  whose  influenco  that  pcxrtioii 
of  matter  belonging  to  us  as  a  planet  exists  on  the  surfiice  in  the  three  conditions  ef 
earth,  air,  and  water ;  these  conditions  not  being  necessary  to  matter,  and  only  having 
distinct  reference  to  the  organic  bodies  presented  at  and  near  the  earth's  sm&ee. 
The  effects  produced  by  the  mutual  action  of  earth,  air,  and  water,  were  Hien  dwelt 
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npoiiy  and  we  oonsiderod  the  results  of  long-contiauod  action  of  that  kind  in  elaborating 
the  existing  atate  of  the  surflBuce.  Each  f>f  these  so-called  **  elements"  was  the  subject 
of  special  consideratioii,  and  the  most  important  phenomena  of  each  came  sucoesalYely 
jndor  our  notiee.  In  all  these  cases  the  important  conclusion  was  that  which  connected 
the  one  set  of  &cts  with  the  other— the  i^arcnt  and  proximate  cause  with  the  obseryed 
effect. 

Haying  thus  studied  the  yarious  phenomena  of  external  nature  dependent  on  the 
<MT"Jit»^?™r  of  jnatter,  and  yisible  to  eyery  one,  we  adverted  to  the  fact  that  besides  this 
kmd  of  mutual  action  there  is  also  another  and  more  palpable  change  produced  by 
Sttchanioal  yiolonce,  and  acting  at  least  partially  through  the  agency  of  heat.  Earth, 
Wf  fire,  and  water,  howeycr  chemists  may  regard  them,  and  whatever  we  may  know  of 
their  fl]t!^«^^  components,  are  thus  in  one  sense  true  elements — for  Nature  acts  by 
them,  and  with  reference  to  the  conditions  of  matter  as  involved  in  their  existence.  A 
system,  of  moy^nents  was  next  brought  under  discussion,  which  appears  to  be  going  on 
in  the  earth's  crust  on  a  grand  scale  and  requiring  the  lapse  of  long  periods  of  time,  and 
it  was  seen  that  the  various  periodic  changes  effected,  whether  diumally  by  the  earth's 
rerolutioin  on  its  axis,  and  by  oceanic  and  atmospheric  tides — ^monthly,  according  to 
the  relatiye  actions  of  the  moon  and  the  sun  on  the  ocean—seasonally,  according  to 
the  position  of  various  ports  of  the  earth  presented  to  the  sun — annually,  owing  to  the 
earth's  rerolution  round  the  sun — ^in  many  years  or  centuries  £:om  recurring  positions 
of  the  planets;  that  aU  these  are  but  types,  as  it  were,  of  still  greater  but  also  periodical 
changes,  of  which,  in  numy  centuries,  only  a  very  small  part  can  bo  recognised.  Thus 
it  appears  tihat  inorganic  nature  is  eyerywhere  and  always  changing — that  matter  and 
motieii  are  inseparable  ideas. 

And  now,  lastly,  it  is  evident  from  the  study  of  the  earth's  surface,  as  well  as  from 
TitiaaB  phenomena  presented  immediately  beneath  the  surface,  that  tho  methods  at 
pcesent  adopted  in  the  distribution  of  life  in  horizontal  extension  are  the  same  as  those 
according  to  which  animals  and  yegetables  have  succeeded  each  other  in  time. 

Here,  as  bef<M«,  the  law  is  tho  same—iho  result  analogous  ;  but  still  the  lapse  of 
time  18  indieated,  the  centuries  that  haye  rolled  by  have  stamped  their  mark  upon  all 
fbons  of  matter  belonging  to  them ;  the  period,  whatever  it  may  haye  been,  during 
idiiolL  certain  operatums  were  performed,  and  certain  results  produced,  was  indiyi- 
dnaliEed— if  one  may  so  say — and  thus  having  a  characteristic,  it  may  be  identified  and 
distinguished  from  other  periods  during  which  similar  but  not  the  same  results  were 
Isought  out. 

Thus  it  is  that  the  study  of  Physical  Groography  leads  to  a  knowledge  of  the  true 
prineiplefl  of  Geology.  And  the  great  results  of  geological  investigation  are  also  simple, 
and  may  be  stated  in  few  words.  The  materials  of  the  earth's  crust  are  arranged  in 
definite  order,  and  they  cofitain  the  remains  of  tho  animals  and  yegetables  that  lived 
(hoiag  their  formation.  Hence  we  connect  Descriptive  Geology  with  the  history  of  the 
oarth  aqd  its  inhabitants. 

.  In  eonolnding  this  part  of  tho  subject,  it  may  be  advisable  to  recapitulate  the 
general  results  of  inyestigation  concerning  the  earth  as  a  planet.  Its  form  being  very 
neatly  tihat  which  would  be  assumed  by  a  fluid  body,  revolving  in  space  and  subject  to 
the  law  of  gravitation,  it  has  been  assumed  that  the  compressed  spheroidal  shape  is  an 
ugoment  tending  to  prove  that  the  earth  was  originally  in  a  state  of  igneous  fusion, 
from  which  it  has  cooled  down  by  radiation  in  passing  through  a  cold  medium.  Ko 
Qoe,  howeyer,  has  explained  where  this  lost  heat  has  strayed  to. 


!    44  mKCiFiTiri^Tios  of  physical  gkogsafbt. 

t 


It  Itts  bcea  sQ^gesCied  that,  sqi^oain^  the  -vhole  bss  to  hsre  €zst  ezisted  in  a 
^jfffHAf  state,  Hke  a  thin  mist,  in.  oonsetpKnce  of  intenKhcflt,  Rac2&  a  gsKoos  nebda 

OA  its  SBZfKe,  vhiich  m  ttWH^  #iwitia#<Injg_  j-raAfng  T^JfarAwfw^  SOi  t&ichCBZ!^  imrfct 

VeeoBK  oA  a  filan  as  &it  ve  nov  see.  Hl&eda-  titis  liev  may  he  r*w«M<i  m  a 
c&CBbsd  sEBse.  cr  w!vt!&er  th^se  is  acj  paod  reaasi  to  aKmie  it  axchamcaDy,  one 
dtin^  :^:i:£d  luC  be  ftrfodsii— saaaelT.  that  tibe  shape^  wooSd  be  eqaaStr  aasumed  by 
a  safid  sphcR  hariK as  eebA  i^a:«tirity  as  Ae  Ibks.  eiastie  rf  Ae  aaieriali  whiA  fnna 
dK  esth's  crzsL. 

Thfi  ^le  oec&sErr  c:^  &e  v^uL^  Bas  cf  the  earci  2S  ax  Tery  sack  ereascr  than  the 
^emsTr  df  :b^  s=rfkce.  bks  HkewSse  baoi  pc::  iarrsrd  as  ax  *  ■; ■-'  ■*'«  =  zn  £i[v«7  of  thxB 
%aei:n«  ib^scy  c£  :2e  Asrt^'s  ^xizir :  hci  hsK  xfrvr*  h  asrssc  be  iCBkSK&eEcd  that  there 
sz«-  Ksry  vars  cf  ^^TT.'.ifr^Vr  ?^H  a$  ibfr«  ar«  a^  i£  aecoirrrrTtg  ix-  a&  increasing 
tiSK^tecczx  wh^ia  z:i>5erare  oe^chs.  T^s:  iLfr^  is  a  Tsy  ocoaAsahbe  qaanlity  of 
rsiotsKiy  brSicii  T'.-gapr  £:  n?  ctvsi  £sex=k^  Kebssh^  ^k*  srrbtM.  ask£  ecccnxankatiBg 

d:c^  YizS.  yri±.  rscarl  ^:  I2ir  A.'^ns&I  SiS^  :£  :^  ^'^r^.tj  xndafus  tSiae  d»  sot  seem  to 

Titt  •ymtraeor  <^nrii:g  :^  i^  ar:^'':^  s:z&£«.  azii  l2if  renucka^  resell  of  reccsit 
£sccv£n£S   or  l2i$  sii^nartL  ir:2«s  zi:-  dnr^c  Ls:rf  Tsnr  iac%jmjg  refisrcmoe  t»  a  hrgt 

i£  ;2iuxL  saii  ix.  a^.a?sr:  rxk^  isoc^irr^  i^  fHi&f  xr  afi^f*y  ^vi^  -"^^^mw^Ik  qt  iiiUJi 


\^s&  fiLksfr  ir  gera.Tr   cirsKtaons  seoms  psrrr  aKviaxsfi£  for  )y  I3ke  lacxae  of  die    < 
ri'Tf!***  snc  4^isr  macitf&at  cirKSiacs:  anc  if.  as  is  XMft  >tr^V  fi—^i.-^  cf  aagnecie 
iant  art  ?tsia£e£  tf  •  <r  |ir;idusat*£^  cf  tdxaztcfss  in  HaiuntucjpR.  a  Tziry  ismortaai  field  it 
f^HOL  far  jrestiigtfaaL  jcn^  fgiKskxaoL  ir  a  df^iarsmfzcii  of  Gctak^.  as  -well  as  nncmil 
G«ofnQi^.  niQ  les  TnT/resfKTTp  ^ducL  ii  is  jranacbEhr  innvrsani. 

n&s  xvv  df  1^  ean^  as  a  iiilanex— as  a  mass  cff  mixK  ^tnawWi  ^tsaatMig^  in 

;    ^ests  mttxy  prttbisms  ccT  dec^  anc  lading  iatceest  in  rtdier  diniBismfiDts  of  ii^ifmf^. 

I    If  ^leae  mMnAir  r-mynifls  soeadibr  pass  cm  ^vi^  nercwicaaxic  mniaim 'dzron^  ^ 

'^    'v^uilc'  exxsnal   iross   li  i^  ears^  ^w   are-  jnsci&tfi  in  wmsideEizir  ^leni  ai  ^heir 

1    Telatians  t£>  tht  f anus  of  maray  in  eenemL  imd  it  "viC  W  ax  odof  smsi  Iwv  tm 

iSme  Toiasians ins.y ^^  Mixinrsil&.  i^uni^^  luc  enfiU««'dC  miiL  Im.  lenc  tc>  »«aimg>  ^ 

ionns:  rw^  massies  akic  assmw  idra&  in  «imie  Ti^Mwts  mnnhtrz  imnBrak. 

i    T^EcfeA  ^tstu  a?f   crrsetats:  and  crstals  a?9r  "^  ^fiansc  ma^kkt  liocbs  and 

I    defizdtc  tanqunmd^  ptreseuted  in  the  ahiqic  nc^Bok  i^My  irTariabiK'  aimume  it^en  bsC 

iliterferpfl  '▼idi  )y  estenail  inftonnMt&.  and  porndstad  ciidier  tp  iMWiome  aniid  or  ta 

STsnge  ^xsnae^ves  in  xhcdr  iiatsral  nrdcsr  m^ien  itniid.    BcB  ^ir  7ira3«rsieE  of  crpi 

«re  in^maxchr  oonnemM  irith  and  Tc&lsted  tc  li^i.  neai,  a^MKrioxty  in  its 

foonu  mapiAism.  and  Qhandnal  atftion ;  and  dms  ^r  £nd  :^  maiiiiicir  oonditicBi  af  the 

ocr&Vi  crest  di?5(%hr  Minne«t{(d  ^ri^  ^it  Minditkins  of  matur  iridnn  ^le  sm&oe. 

In  ^xns  viuitufing  tc  point  u>  i^  diTMtian  in  ^viiioiL  modem  disctnrancs  i 
^jeccilatimKs  i^il  natunilhr  lir  dxrcvn^d  in  cetkr  ir  imfacfS'  ^  VnxndazicE  of 
Imng-lftdpf^  -my  ayrly  no  means  df^tertnur  i^tim  thc^^triA  «l)n^(S^-maXterto^cll^ 
limited.    !nicsr  matsras  do.  all  of  iSttem,  and  in  tbr  hif!h«a  ^ense.  beil(ni|r  to  nnmoal 
Gco^ngikT,  and  ly  that  scianer  xiuy  ai^  itndorstood  and  i^pjiliML    I%pskcal  Gcti^afhy 
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inoludefl  them,  oonnstsof  them,  they  form  the  elements  of  the  most  important  general 
mwB  <m.  the  subject,  and  they  are  thus  directly  connected  with  the  most  interesting 
sod  yaluable  of  the  elementary  facts  on  which  Geology,  as  a  department  of  Natural 
History,  is  based.  No  apology  is  therefore  needed  for  apparently  trayelling  out  of 
▼hat  may  seem  the  direct  path  of  the  subject ;  as,  if  the  reader  can  be  induced  to 
make  but  a  little  progress,  and  consider  the  subject  in  the  light  in  which  it  is  here 
placed,  he  will  not  complain  that  it  wants  interest,  or  is  beyond  the  comprchcnsioa  of 
my  intelligent  and  thinking  person. 


DESCRIPTIYE  GEOLOGY. 

IntgoAnctlon,. — ^When  we  pass  from  the  consideration  of  Physical  Geography, 

properly  so  called,  and  endeavour  to  picture  to  ourselves  what  may  be  the  result  of 

those  vaiious  operations  now  in  progress  tending  to  produce  change  in  the  nature  or 

aifpearance  of  the  earth's  crust,  we  at  once  enter  on  speculations  which  may  be  called 

gecdogical ;  for  it  is  the  object  of  Geology  to  learn  what  may  have  been  the  mode  of 

'  tction  in  past  time  by  evidence  now  offered  concerning  present  modifications. 

i       The  ax»plication  of  Physical  Geography  to  a  study  of  geological  causation  is  thus 

j  a  short  and  easy  step,  and  indeed  it  only  involves  the  additional  study  of  the  effect  pro- 

I  dnced  during  long  periods  of  time,  and  the  probable  changes  thus  involved,  in  order 

I  Aat  we  may  enter  on  the  consideration  of  some  of  the  most  interesting  geological 

I  problems. 

I  A  very  superficial  examination  of  the  earth's  surface  offers  sufficient  proof  that 
there  is  a  certain  degree  of  order  in  the  arrangement  of  the  materials,  and  that  there 
tre  indications  of  system  and  plan  somewhat  resembling  that  periodical  recurrence 
of  days,  months,  and  seasons  which  must  have  first  suggested  to  men  the  investiga* 
tkm  of  the  cause  and  the  existence  of  a  law  in  reference  to  the  heavenly  bodies. 
Any  intelligent  observer  discovering  order  in  the  arrangement  of  the  materials  of  the 
e&rtih.*s  surfiice  in  one  place,  and  comparing  it  with  the  arrangement  elsewhere,  finds 
that  the  two  do  to  a  certain  extent  correspond.  In  this  way  it  is  made  out  by 
obsenration,  that  there  are  a  number  of  beds,  or  similar  collections  of  sand,  mud,  and 
ttone,  which,  owing  to  some  peculiarity  of  appearance  or  contents,  may  be  identified. 
Ibis  is  the  first  step  in  Geology,  and  the  knowledge  of  this  fact  soon  leads  to  the  more 
strict  inyostigation  of  the  nature  of  the  deposits  thus  noticed,  and  ultimately  brings  to 
Bg^t  a  vast  multitude  of  interesting  fSucts,  all  showing  that  there  is  abundant  regularity 
in  the  earth's  structure,  and  many  of  them  pointing  very  clearly  to  some  definite  order 
and  system,  which,  after  a  succession  of  observations,  is  at  length  found  out  to  agree 
with  some  definite  system.  As  the  astronomer  deals  with  space,  so  does  the  geologist 
with  time,  and  in  both  sciences  multiplied  observations  add  constantly  new  facts ;  the 
contemplation  of  facts  suggests  the  existence  of  laws,  and  the  laws,  being  once  fairly 
made  ont,  are  applied  to  practical  purposes. 

Ottologyy  then,  is  a  science  of  observation,  the  object  of  which  is  to  investigate  the 
nature  and  to  discover  the  order  of  arrangement  of  the  materials  of  which  that  part  of 
the  surfiioe  of  the  earth  exposed  to  observation  is  made  up.     It  has  to  deal  with 
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matters  relating  to  what  is  generally  called  "  the  earth's  crost."  It  has  to  detennine, 
as  flu*  as  possihle,  the  complete  hi8t(»y  of  this  surface,  and  should  do  so  by  simple 
indHCti'vc  reasoning,  applied  to  the  observed  £u!ts,  whatever  they  may  be.  Hie  ftesi 
thing  to  bo  done  by  the  geologist  is  to  observe — ^that  is,  to  acquire  a  knowledge  of  the 
true  condition  of  the  earth's  sur£Bu;e ;  and  this  effected,  he  must  endeavour  to  make  out 
by  what  possible  laws  or  regular  processes  such  a  series  of  ajipearances  might  be  pfo> 
duoed,  and  he  must  consider  how  far  his  observations  justify  him  in  assuming  systemalic 
regularity  and  a  distinct  order  of  recurrence,  and  how  far  they  involve  appaimt  exc^ 
tions  to  any  assumed  rules.  It  is  not  till  he  has  learnt  something  of  the  cause  as  well 
as  the  effect  that  he  can  be  in  a  condition  to  apply  his  knowledge  to  practice;  but 
having  been  thus  fiEu:  taught,  he  will  soon  find  abundance  of  opportunity  for  rendering 
it  useful,  whether  to  the  agriculturist  or  architect,  whose  business  lies  with  soils  and 
materials  for  construction  obtained  from  near  the  earth's  surface,  or  to  the  miner  whose 
object  it  is  to  penetrate  its  deep  recesses  for  the  sake  of  the  metalliferous  minerals  to  be 
obtained  by  mining  processes. 

Bat  no  such  useful  results  can  be  obtained  by  a  mere  knowledge  of  what  oUierpeople 
have  found  out.  Observations  must  be  looked  upon  as  the  food  of  science— food  that 
must  be  digested  before  it  is  assimilated,  and  that  can  only  be  ultimatdy  available  for 
any  useful  purpose  when  thus  digested  and  assimilated,  for  then  only  is  it  capaMe  of 
producing  new  results,  and  forming  an  integral  part  of  the  intellectual  canstitutioiL 
Thus  all  £acts  must  be  classified,  undostood,  and  registered  systematically;  and  we 
must  have  been  able  to  deduce  laws  from  their  consideratian  befinc  we  can  safely 
apply  thom  to  any  practical  purposes. 
*  But  although  people  generally  are  willing  to  admit  the  truth  of  this  in  casea  where 

they  perceive  the  i>?sults.  and  wheK>  the  bearing  of  science  upon  matters  of  fad  has  been 
too  long  seen  to  bo  questionable,  they  arc  by  no  means  so  reasonable  in  the  case  of  a 
I    pursuit  like  Gcolc^ry,  which  is,  to  a  great  extent,  new  to  them,  and  which  is  often  looked 
i    on  rather  as  an  amusement  than  a  study.   It  has  thus  sometimes  been  thought  adviaaUe 
j    to  commence  by  directing  attention  to  results,  to  show  what  has  been  done  and  what 
'    may  be  done  for  the  actual  bendit  of  mankind  by  the  knowledge  of  gecdogical  fiuits 
;    and  the  application  of  gcolc^cal  theory,  and  to  illustrate  the  impturtanoe  cf  the  aubject 
by  exhibiting  the  intimate  rclaticj[i  of  this  science  with  others  of  acknowledged  vafaie^ 
such  as  Astnmomy.  Physical  Geography.  Chemistzy,  and  general  Natural  History.    Some 
of  these  relations  have  Kvn  already  considered,  and  others  will  be  alluded  to  in  the 
fioUowing  pages ;  but  it  is  needless  to  go  twice  over  the  same  ground,  and  anticipactc 
matter  which  m<ve  fitly  finds  a  place  elsewheiw    StiU  it  must  be  admitted,  that  in  order 
to  und^^rsland  Gev^lo(c>\  and  study  it  properly,  we  rcqidie  to  know,  first,  die  geacfal 
condition  of  the  earth's  surface^  and  the  operations  now  going  en  upon  the  smfKe, 
tending  to  modiiV  or  alt^T  it.    We  must  know,  secondly,  the  actual  nature  of  the 
materials  or  mineral  siibstances  which  iiftake  up  the  earth's  crust,  and  which  are  firand 
in  it,  aihi  thoir  relations  with  the  existing  surf^\    We  must  know,  in  die  third  pLaoe^ 
the  mode  of  arrangement  of  the  materials,  the  laws  that  4N^vcni  that  axxangement,  and 
the  action  of  those  laws  in  ancient  times ;  and,  partly  in  oidcr  to  recognise  the  true 
nature  of  such  law^  partly  beeau$e  such  objects  arc  so  cenuDonly  present  as  actually 
to  form  a  very  siusil-lo  part  of  the  sdid  matter  under  eTaminsTion.  we  must,  in  the 
fbmth  place,  Icam  the  true  history  of  those  animals  and  Toget&bles  whose  remains 
occur  in  or  form  the  beds«  and  this  we  mu5t  do  by  v\»necting  the  namral  history  of 
exita't^  MDumds  and  n^getahles  with  that  of  the  grocps  presented  in  the  way  just 
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dfiBoribed.  The  first  of  theto  four  departments  of  Geology  has  been  already  diacuMed 
under  the  name  of  Fhyaical  Qoography ;  the  second  is  cidled  Mineralogy,  and  is  the 
sobject  of  a  separate  trcatLBo ;  the  third  is  Descriptive  Geology,  in  the  usual  acceptation 
of  that  term,  which  is  now  about  to  occupy  our  attention ;  while  the  fourth  is  frequently 
ipoSDen  of  as  PalsDontology,  but  must  be  considered  in  connection  with  Dosoriptiyc 
Qeology,  on  which  it  yery  directly  bears. 

Hinr^«- — ^In  a  geological  and  technical  sense  all  masses  of  solid  matter  possessing 
a  common  character,  and  any  degree  of  unity  as  a  combined  set  of  materials,  are  called 
ndtt.  In  tUa  senae,  not  only  granite,  slate,  and  hard  sandstones  and  limestones, 
bat  1^  aoftest  days  and  ercn  mud,  and  the  least  perfectly  aggregated  and  loosest  sands, 
are  all  spoken  off  under  the  same  general  term,  and  are  all  considered  as  sufficiently 
designated  by  it. 

The  Ibrrn  and  method  of  aggregation  differs,  however,  very  greatly,  and  admits 
of  a  aeparation  of  rocks  into  three  classes ;  for  while  we  find  some  manifestly  of 
mechanical  origin,  and  bearing  aU  the  marks  of  deposition  from  water,  arranged  too 
into  beds,  as  if  from  intervals  or  changes  in  the  rate  of  deposition,  others  are  as  mani- 
festly not  refierrible  to  such  an  origin,  but  have  been  affected  by  heat,  and  some  have 
eridently  cooled  down  from  igneous  fusion.  A  third  class  oxists,  intermediate  in 
character  between  these  two,  for  while  the  rocks  in  this  case  bear  marks  of 
original  aqueous  origin,  and  clearly  exhibit  proof  of  having  undergone  subsequent 
dumge,  in  many  cases  there  is  no  reason  for  attributing  this  change  to  the  action  of 
heat.  The  first  dass  are  called  by  the  geologist  aqueottSy  the  second,  igneousy  and  the 
third  metamorphic. 

Bocks  that  are  called  igneous  generally  exhibit  some  marks  of  general  Tmiformity  of 
structure  without  much  approach  to  true  stratification  or  superposition  of  beds  of  similar 
materials.  Thus,  in  granite  we  find  crystals  of  quartz,  felspar,  and  mica,  mingled  together 
without  a  base ;  and  it  is  manifest  that  the  process  by  which  this  arrangement  of.  the 
parts  took  place  was  to  a  certain  extent  chemical  and  not  mechanical,  and  might  be 
accDzately  repeated  at  any  future  time  on  a  mass  similarly  constituted,  or  any  number 
of  times  on  the  same  mass  without  change.  On  the  other  hand,  a  series  of  laminsB,  forming 
a  distinct  bed  of  any  kind,  can  generally  be  traced  very  clearly  to  the  gradual  mechanical 
prooeas  of  deposition,  and  it  is  exceedingly  imlikely  that  such  a  process  should  be  accu- 
rately repeated  in  all  its  details,  so  as  to  produce  a  second  time  a  series  of  strata  which 
it  would  be  impossible,  on  dose  examination,  to  mistake  for  the  other.  This  is  the  case 
even  when  no  organic  remains  exist  by  which  the  bed  can  be  characterized,  and  in  this 
respect  there  is  a  well-marked  difference  rarely  to  be  mistaken.  We  have  thus  a  mani- 
fest ground  for  the  subdivision  of  rocks  into  two  classes,  determined  chiefiy,  if  not 
entirely,  by  the  .mechanical  arrangement  of  the  particles  or  the  component  ports,  and 
hy  the  &ct  of  stratification  being  distinctly  traceable,  or  the  contrary.  The  one  class, 
therefore,  is  called  strata/led,  the  other  unatratijied. 

But  again,  there  are  two  kinds  of  stratified  rocks ;  for  while  sometimes  the  rocks 
remain  very  much  in  the  condition  in  which  they  were  deposited,  or  only  altered  by 
consolidation,  the  infiltration  of  some  mineral  substance  into  cavities,  or  the  segrega- 
tion of  paxtidea  of  the  same  kind  others  have  received,  as  it  were,  a  new  internal 
straeture,  superimposed  on  and  sometimes  obscuring,  but  not  obliterating,  the  original 
one,  and  appearing  to  indicate  that  fire  as  well  as  water  has  been  an  agent  in  producing 
them. 

We  thuB  have  a  third  dass  of  rocks,  mechanically  and  chemically  diiE^^^3^k^<&^ 
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from  each  of  the  other  two ;  and  this  third  class,  amongst  which  slates  of  all  kinds, 
marble,  &c.,  hold  the  most  prominent  place,  is  called  metamorphie. 

Names  of  Rocks.— With  regard  to  the  structure  of  rodLs,  there  are  some  expres- 
sions, commonly  used  in  geology,  that  require,  perhaps,  a  word  of  explanation.  iV- 
pJiyry  is  one  of  these.  It  is  a  name  applied  when  one  of  the  constituent  parts  of  a  rock 
is  disseminated  through  a  basis  in  the  form  of  grains  or  crystals.  In  those  cases, 
however,  in  which  the  crystals  or  grains  do  not  appear  to  be  of  contemporaneous  oiigm 
with  the  base,  the  name  porphjnry  is  not  properly  applied.  Such  rocks  are  conglomerd^ 
or  pudding -atones.  Amygdaloid  is  another  term  in  common  use  in  geology,  and  is  used 
to  designate  rocks  in  which  vesicular,  almond-shaped  cavities  are  dispersed  throughout^ 
these  cavities  being  either  empty,  encrusted,  half  filled,  or  completely  filled.  The 
minerals  that  usually  occur  in  these  vesicles  are  lithomarge,  zeolite,  chalcedony,  agate, 
heavy  spar,  or  calc  spar. 

Stractuze.— The  structure  formed  by  the  immediate  aggregation  of  different  species 
of  miacrals  in  grains  and  imperfect  crystals,  and  without  a  definite  base,  is  sometimes 
spoken  of  as  porphyritic,  but  has  also  been  called  granular. 

Granite  is  an  example  of  this  structure,  but  when,  as  happens  occasionally,  laige 
and  distinct  crystals,  whether  of  quartz,  felspar,  or  mica,  are  distributed  through 
granitic  rocks,  they  become  porphyries. 

Slaty  structure  dificrs  from  stratification,  and  is  the  result  of  causes  that  have  affected 
rocks  since  their  deposition,  and  even  since  their  consolidation.  True  slaty  structure 
is  only  exhibited  where  the  phenomenon  of  transverse  cleavage  is  present,  and  this 
phenomenon  of  cleavage  may  be  defined  as  an  arrangement  of  the  ultimate  particles  of 
an  argillaceous  or  clay  rock  in  planes  parallel  to  one  another,  without  any  reference 
to  original  bedding,  and  so  that  the  resulting  rock  is  infinitely  divisible  in  the  direction 
of  the  cleavage  planes. 

Resides  the  ordinary  phenomena  of  bedding  and  lamination  observable  in  metamor- 
phosed masses,  as  well  as  those  merely  stratified,  and  manifestly  of  aqueous  origin,  there 
are  others  regarded  as  stratified,  in  which  there  are  no  very  distinct  marks  of  lamina- 
tion in  each  particular  mass  or  seam,  but  the  seams  or  layers  are  regularly  superinq^ocied. 
"We  may  thus  have  igneous  and  unstratified  rocks,  such  as  basalt  (a  form  of  laya),  and 
even  porphyry,  interstratified,  although  of  themselves  they  have  no  lamination;  and 
compact  masses  of  limestone,  formed  perhaps  by  organized  beings,  and  therefore  sot 
arranged  in  the  distinct  subordinate  beds,  are  yet  strata  in  the  whole  group. 

Position  of  Unstzatified  Rocks. — Grenerally  speaking,  the  unstratified  rocks 
are  found  rising  up,  and  forced  through,  or  else  distinctly  subordinate  in  position  to 
those  which  are  stratified.  Thus  granite,  forming  sometimes  the  axis  of  mountain  chains, 
is  also  forced  up  in  dome-shaped  masses,  bringing  up  the  lowest  of  the  aqueous  series, 
or  the  metamorphie  rocks  wrapping  round  its  shoulders.  Other  igneous  rocks  of  great 
extent  arc  similarly  placed.  Sometimes,  as  already  mentioned,  these  rocks  alternate 
in  distinct  bands  with  the  stratified  series,  but  chiefly  with  the  lowest  of  them,  and 
wherever  we  can  examine  the  igneous  group,  there  is  always  more  or  less  immediately 
a  communication  with  a  more  considerable  mass  of  the  same  kind  extending  downwards 
into  the  depths  of  the  earth.  Sometimes,  it  is  true,  we  find  an  overspreading  mass, 
like  lava,  penetrating  downwards  into  cracks  and  crevices  in  the  stratified  roeks,  on 
which  it  seems  to  have  been  poured  out  in  a  melting  state,  but  this  mass  is  connected 
with  some  crevices  of  larger  dimensions,  through  which  it  has  been  ejected  from 
beneath.    By  observing  carefully  the  instances  of  this  kind  in  mountain  and  other  dis- 
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tiiots  where  such  phenomena  occur,  we  come  at  length  to  the  conclusion  that  there  are 

two  conditions  of  igneous  rock,  and  that  the  one  which  is  by  fu  the  most  widely  spread 

I   and  important,  appears  to  form  the  Amdamental  basis  on  which  all  stratified  rocks  ulti- 

'  mately  rest,  while  the  other  is  the  accidental  result  of  some  local  violence,  by  means 

I  of  which  this  matter,  in  a  melted  state,  has  been  from  time  to  time  agitated,  disturbed, 

I   tnd  foroed  out  by  subterraneous  forces,  interfering  with  the  regular  overlying  series, 

;  and  forming  a  series  of  phenomena  of  secondary  importance,  because  exceptional. 

Generally,  therefore,  rocks  of  mechanical  or  aqueous  origin  (in  other  words,  stratified 

'  rooks)  are  superimposed  on  a  basis  of  igneous  rock,  which  has  occasionally  disrupted 

and  penetrated  them,  or  which,  owing  to  some  deeply  seated  cause  within  the  earth's 

i  crust,  has  been  forced  up  through  them  in  a  melted  state,  and  in  that  case  often  seems 

to  overlie  them. 
;        It  also  appears  from  this,  that  if,  as  we  suppose,  the  underlying  igneous  rock  has 
j  been  exposed  to,  or  constantly  preserves  a  high  temperature,  the  mechanical  rocks  of 
-  aqueous  origin  in  immediate  contact  may  well  have  undergone  some  change  in  conse- 
'   quenoe,  and  have  assumed  for  this  reason  their  metamorphic  character. 
i        IsnmouM  Rooks.— Let  us  consider  now  the  nature  of  those  rocks  which  exhibit 
marks  of  igneous  origin ;  and,  in  the  first  place,  those  which  appear  to  form  the  solid 
firamework  of  the  globe,  which  are  the  nuclei  of  mountain-chains,  and  below  which  we 
know  of  no  rocks  whatever. 
'  Granite,  Syenite,  protogine,  &c.,  porphyry  of  aU  kinds,  greenstone,  serpentine, 

diallage  rock,  quartz 
rock,  and  others,  must 
be  considered  as  be- 
longing to  this  group. 
They  are  all  of  che- 
mical, not  mechani- 
cal formation;  they 
are  usually  unstrati- 
fied,  and  for  the  most 
part  crystalline ;  they 
never  contain  any 
trace  of  organization ; 
they  oft^i  exhibit 
jointed  structure,  be- 
ing separable  readily 
into  cubical  or  pris- 
matic masses ;  and 
they  are  frequently 
traversed  by  rents  or 
fissures  (called  dykes 
and   mineral    veins) 

of  variable  dimensions,  but  exhibiting  a  great  regularity  in  their  general  direction, 
and  usually  filled  either  entirely  or  partially  with  simple  minerals  and  metallic  ores. 
That  many  of  these  rocks  have  existed  at  one  period  in  a  state  of  igneous  fusion 
lias  been  generally  assumed  of  late  years,  owing  to  the  fact  that  irregular  cracks  and 
oevicea  in  the  adjacent  rocks  are  filled  with  similar  minerals,  either  adapted  accurately 
to  their  shape,  or  else  passing  into  them  like  a  wedge,  altering  ihem  at  ^«  «»m.^  >am^^ 
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as  if  by  the  action:  of  heat.    An  ilkutoitioa  of  this  appearaiioe  is  seen  in  the  ammed 

Grmite,  Sjeniie,  and  protogine  foita,  on  Hie  whole,  tiie  most  important,  tihe  mMt 
wUely  extended,  and  Uie  meet  interesling  group  of  imstratified  igneous  roefak 
They  all  offer  tiie  same  general  chameteaVj  consbting  of  crystals  moire  or  less  perfiMt,  of 
qiHfftz .  and  felspax^  mixed  either  with  miea  to  form  true  granite,  with  hornblende,  as  in 
JS^mHe,  or  with  talc,  as  in  prBtoffiii^.  The  granite  of  Egypt  offers  the  best  eocampie 
Ttttifety— tliat  of  Mont  Blano  of  the  latter;  while  abundant  ^nimples  of  trae  granite  are 
«f^tiie  fiirmBr  coaynon  in  our  own  ootmi^,  lu  w^ll  in  Cornwall  as  in  many  paitft  of 
Sootknd. 

Generally  spealdng^.  of  the  compfment  parts  of  granitie  rock,  felspar  is  tlie  most 
abundant,  and  quartz  the  next  in  order.  In  some  varieties,  indeed,  one  of  tha  ingles 
diaUb  is  wanting ;  but  these  are  exeeptions» 

The  magnitodd  of  tiie  txmstitaent  parts  Tariee  ezceediogly,  the  dystak  nttesoriBg 
&wa  seyeral  cubic  inchesto  very  minute  grains.  The  colour  alsoTaries  very  ccmsidecaUy, 
being  chiefly  governed  by  the  fblq^,  which  also  deteimines,  on  the  whole,  the  fson^ 
ditioA  and  abearance  of  the  roek,  since,  when  that  is  apt  to  decompose,  the  whole  mass 
is  of  comparatively  loose  texture^  and  ^iHa  asunder  on  exposure.  It  is  important 
there&re,  to  <^TaTnipft  the  condi'tion  of  the  exposed  pieces  of  this  mineral  before  selecting 
granite  for  any  economical  purposes. 

The  structure  of  granite  is  often  sufficiently  remarkable,  being  more  or  leas 
distinetly  concentric,  and  on  a  large  scale  presenting  an  appearance  greatly  resembling 
stratifieation^  entirely  from  this  cause.  It  has  been  conjectured  by  M.  Yon  Buch  that 
the  granite  has  been  sometimes  elevated  in  a  viscous  state,  like  a  bubble  of  thidk  paste, 
the  ^astio  condition  beiag  due  to  the  aetion  of  heat  Formed  tiius  into  a  dome  or  bell- 
shaped  mountain  mass,  and  left  to  cool,  the  wax&mB  ia  assumed  to  have  cra(^edand  split 
i&iall  directions,  leaving  a  vast  muUatnde  of^ida)%Bioet  of  th^n detached  and  partially 
weather-worn  by  long  exposure,  but  yet  rrtil6li|^«o  w«fi  the  general  outline,  that  at 
a  cfotance  the  rounded  and  smoo&  contillf  ottlgr  k  Mcognlsed^  aaA^UllKr  ijaMHiiMble 
roog^inesses  lost  sight  of. 

Besides  this  concentric  structn»^  ffaiike^'ttBt'  vaMl^vBbetty  eolHuuf^  JUkl'come- 


TMTtidJiinlt  and 


ap- 
pear to  be  the 
result  of  a  slow 
though  certain 
rate  of  cool- 
ing which  has 
produced  a  ten- 
dency to  crys- 
talline ar- 
rangement on 

a  large  scale.    The  decomposition  of  granite  is  also  often  productive  of  curious  and 

grotesque  forms — (see  cut). 

Borne  valuable  metalliferous  ores  are  found  in  granite  veins,  and  they  occur  still  more 
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oauBunlj  when  reSau  limyqaiiiig  other  rooks  are  coattiiuxed  into  grsnito.     Oxide  of 
tia  and  mAre  gold  no  eflpeoudly  remaikable  in  relation  to  thii  rook. 

Granitic  Tooks  not  unfraqvenUy  iom  the  mgrmUn,  or  lofty  needle-shaped  peaks  of 
U^  monotain  distxiots.  This,  at  leost,  is  the  case  in  the  Old  World,  where  the  Alps 
tka  OnttBans^  ^be  Aftai,  and  the  Himalaya  monntains  all  exhibit  the  same  appearance 
owing  to  the  same  oanse ;  but  in  South  America  the  granite  is  more  conmionly  seen  on 
fte  loirer  heights,  probably  beoaose  of  the  Tolcanio  ori^  of  a  large  number  of  the 
looka  of  that  coimtry,  and  the  recent  eleyation  of  the  great  mountain-chains. 

The  dutrfbvtion  of  granitio  rocks  upon  the  earth's  eurfiMje  is  occasionnlly  unaccom- 
panlsd  by  any  marks  of  violenoe,  such  as  the  uplifting  and  dislocation  of  strata.  In 
easea  of  tins  kind  th»  stratified  rocks — if  any  sodi  have  been  deposited-^haTO  been 
flaboefaenHy  lemoTod  by  denndatica.  Very  extensive  tracts  of  this  rock  are  said  to 
occupy  the  country  between  the  coast  range  and  the  Mountains  of  the  Moon  in  Africa, 
nd  tnany  parts  in  the  sonth  of  the  same  great  contiLont.  It  forms  the  centre  of  the 
Ganoasoiy  and  a  oonsideraUe  portion  of  the  Uralian,  Altain,  and  Himalayan  chains  in 
Ana-;  and  in  Europe  the  principel  chain  of  Boandinarla  and  Finland,  the  mountain- 
chaxBi  to  Iho  north-east,  north,  and  west  of  Bohemia,  the  Carpathians,  Alps,  and 
Pynnees,  the  Qrampsans  in  fieotland,  the  Mouzne  Mountains  in  Ireland,  and  the 
Malyems  and  some  other  small  ridges  and  domes  in  England. 

Granite  and  granitio  rodu  difficring  only  from  porphyry  in  the  state  of  aggregation 
cf  the  parts,  it  might  naturally  be  expected  that  passages  should  occur  from  one  into 
the  other  state.  It  is  indeed  probable  that  many  of  the  changes  cf  appearance  which 
ve  thnadenoted  by  distinct  names,  because  tho  condition  of  the  minerals  is  difSetent, 
owe  their  modiflcafa'nms  of  form  merely  to  some  yariations  in  the  rate  of  cooling  down 
from  igneous  frision,  and  this  indeed  is  erident  friom  the  fact  that,  in  the  course  of  the 
same  Tain,  and  in  difEercnt  parts  of  the  same  injected  mass,  we  have  these  yarieties 
enanplifled. 

Porphyrltic  rocks,  however,  form  a  group,  or  rather  anumber  of  groups,  in  which  the 
pnnnoe  of  imbedded  crystals  in  a  base  is  a  very  constant  characteristic.  In  thos&cascs 
the  oryatals  are  nsnally  qnartx  and  felspar,  and  the  base  sometimes  claystone,  sometimes 
henistome,  and  sometimee  compact  felspar.  Borphyry  is  sometimes  stratified,  alternat- 
ing with  distinct  strata  of  mechanical  rocks;  but  it  is  much  more  commonly  masdve, 
sBdin  that  state  is  often  traversed  by  rich  mineral  veins.  The  most  valuable  mines  of 
Mddoo  ooenr  in  Syemtic  porphyry ;  the  mines  of  Hungary,  also  of  great  value,  are 
ritwatad-in  the  same  kind  of  rock,  and  many  other  celebrated  mining  localities  are 
siniLiily  placed.  Porphyry  is  very  widely  distributed,  although  not  so  widely  as 
granite.  It  abonads  ohiefly  in  some  districts  in  Upper  Egypt,  in  Sweden,  in  Siberia, 
and  in  NortSh  and  South  America.  Some  cf  the  porphyritio  rocks  contain  cavities  often 
partially  or  entirely  filled  with  simple  minerals.  These  are  called  amygdaloidal  rooks, 
from  the  almond  shape  of  the  vesioular  oavities. 

Or$mitane  is  often  porphyritic,  consisting  in  that  case  of  hornblende  united  with 
ftispar.  Gonunon  greenstone  is  a  gpranulor  aggregate  of  hornblende  and  fdspar,  and 
may  be  called  porphyritic  when  large  cry stals  of  felspar  arc  also  present  and  diaseminated. 
When  the  crystals  form  part  of  the  granular  base,  the  mixture  becomes  greenstone 
porph^rjh  the  black  porphyry  of  the  ancients.  Qreen  porphyry  is  a  name  given  to  the 
compound  when  tho  granular  basis  is  not  visible  to  the  naked  eye,  and  the  rock  is  uniform 
and  simple,  of  a  blackish  green  colour,  and  including  crystals  of  compact  felspar. 

These  rocks  occur  ahmidantlj  in  JScotUz?^   o^^onaUy  beddad  wi^ol&'S  ^\x^  «sA. 


\ 


52  TRACHYTIC  ROCKS. 


mica  slate.  They  also  abound  in  Norway,  Saxony,  Bohemia,  Silesia,  Thuiingia, 
Hungary,  and  the  Swiss  and  Savoy  Alps.  In  the  Isle,  of  Skye  and  elsewhere  the 
greenstone  contains  hypersthene,  and  is  thus  called  Hyperathene  greenstone, 

Serpentine  or  OphioUte  is  an  ornamental  stone,  sometimes  described  as  a  simple 
mineral,  but  more  properly  considered  amongst  rock  formations.  It  is  of  a  green  colour, 
soft,  rather  greasy  to  the  touch,  and  frequently  contains  imbedded  minerals,  chiefly 
magnesian  and  siliceous.  Besides  the  iron  that  enters  into  its  composition  as  a  mineral, 
this  rock  generally  contains  some  ores  of  the  same  metal,  such  as  magnetic  iron  ore, 
ohromate  of  iron,  &c.,  and  on  exposure  and  the  consequent  oxidation,  the  sur&oe  of  the 
rock  is  apt  to  decompose  into  a  yellowish  earth ;  but  as  it  resists  the  weather  far  more 
than  the  gneiss  and  other  rocks  with  which  it  is  usually  associated,  peaks  and  little 
domes  of  it  are  not  imfrcquently  seen  rising  above  the  surface  in  districts  where  it 
abounds. 

Like  other  magnesian  rocks,  serpentine  is  very  inimical  to  vegetation,  and  may  be 
known  by  the  bare,  bleak,  naked  appearance  and  sombre  colour  of  its  sur£eu:e.  It  is 
abundant  in  the  Alps,  in  beds  of  enormous  thickness.  It  is  also  found  in  Cornwall,  in  Scot- 
land, in  most  of  the  mountain  districts  of  Europe  and  North  America,  and  in  Mexico. 

A  mixture  of  serpentine  with  limestone  forms  the  rare  and  beautiful  verdc-antico  of 
the  ancients. 

Diallage  EocJi  is  nearly  allied  to  serpentine,  and  is  composed  principally  of  felspar 
and  diallage.  It  is  frequently  traversed  by  veins  of  diallage  and  of  various  ma^fnesian 
minerals.    It  is  abundant  in  serpentine  districts. 

Tiach3rtic  Rocks.— We  have  hitherto  been  considering  the  various  rocks  of 
igneous  origin,  without  reference  to  their  position  in  any  order  of  arrangement  that  may 
be  adopted,  and  have  confined  ourselves  to  those  which  exhibit  felspathic  and  hom- 
blendic  characteristics.  Felspar,  indeed,  abounds  in  almost  all  rocks  of  this  kind,  in  the 
oldest  granites  as  well  as  the  most  modem  lavas ;  but  in  the  latter  case,  and  in  what 
may  be  called  volcanic  rocks  generally,  as  distinguished  from  the  group  of  underlying 
igneous  rocks,  the  form  assumed  by  felspar  connects  it  with  the  rock  called  trachyte, 
under  which  name  is  included  a  very  important  group,  distinct  frx)m  the  basalts,  and 
occupying  about  the  same  position  in  modem  rocks  that  granites  and  porphyries  do  in 
those  of  more  ancient  date. 

Simple  trachyte  is  a  trae  felspathic  rock,  generally  of  a  gray  colour,  very  coaisOy 
rough  and  sharp  to  the  touch,  and  apt  to  disintegrate  on  exposure  to  the  weather.  It  is 
sometimes  used  as  a  building  stone,  but  is  not  good  for  this  purpose ;  an  instance  of 
which  may  be  seen  in  the  stone  originally  used  for  Cologne  Cathedral,  obtained  from 
behind  the  Drachenfels  on  the  Rhine,  which  is  already  so  much  decomposed  that  much 
of  it  has  been  removed  during  the  recent  restorations  of  the  cathedr^.  Trachyte  is 
generally  porphyritic,  containing  ciystals  of  felspar,  hornblende,  augite  mica,  iron  glance, 
and  occasionally  quartz.  Pitchstone  and  pumice  are  varieties  of  trachyte ;  and  trachytic 
porphyry,  in  which  numerous  crystals  are  imbedded  in  a  trachytic  base,  is  also  not 
uncommon.  Besides  the  ordinary  and  more  compact  forms  of  trachyte,  the  same 
mineral  is  very  often  found  in  pulverulent  masses  forming  tuff  or  tufa^  in  the  manufru)- 
ture  of  hydraulic  cement. 

Trachytic  rocks,  when  they  contain  a  large  admixture  of  hornblende  and  augite,  but 
in  which  these  minerals  do  not  actually  preponderate,  have  been  called  greyatone,  and 
these  in  the  volcanic  series  seem  to  correspond  to  the  Syenites  and  greenstones  of  the 
underlying  series.    Hornblende  and  augite,  which  exhibit  themselves  imder  an  almost 
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infinite  Ttriety  of  fbim  and  droumstance,  and  which  have  been  detennined  to  be  but 
diffisent  fonnB  assomed  by  the  same  mineral,  owing  to  differences  of  the  rate  of  cooling, 
aie  the  most  important  ingredients  of  these  rooks,  and  present  a  ready  means  for 
establiahittg  a  dassifioation  of  them.    They  appear  to  be  formed  under  certain  circum- 
stances doling  the  cooling  of  igneous  rocks,  and  offer  near  approximations  to  some 
sitiftcial  products,  the  result  of  artificial  heat. 
I        Ha— Itio  Socks.— Besides  the  rocks  distinctly  and  properly  trachytic,  and  the 
I  gieyitones  or  homblendic  and  augitio  trachytes,  there  is  a  third,  a  very  large  and 
important  cLaas,  in  which  hornblende,  augite,  hypersthene,  diaUage,  and  a  group  of 
I  minerals  baring  many  important  characters  in  common,  either  predominate  very  greatly 
I  orer  the  falspar,  or  absolutely  exclude  it.    Those  form  the  group  of  basalts  and  basaltio 
I  nda,  rocks  fiuniliarly  spoken  of  by  all  geologists,  occuxring  in  every  geological  forma- 
I  turn,  and  formed  even  at  the  present  day,  but  presenting  themselyes  under  yarious 
aapects,  and  appearing  in  erupted  beds,  in  huge  columnar  masses,  and  in  yeins  and 
I  dykee  of  all  degrees  of  magnitude. 

I  Basalt  is  a  rook  of  great  importance  in  reference  to  geology,  and  its  presence  may 
I  generally  be  considered  to  point  to  the  former  existonoo  of  actiye  yolcanoes,  and  the 
I  eraption  of  rock  in  a  state  of  igneous  fusion.  Basalt  is  lava  erupted  at  a  time  anterior 
I  to  flie  existing  epoch,  and  often  probably  under  water,  and  therefore  often,  no  doubt, 
oi^osed  to  conditions  different  from  those  which  affect  modem  lava  poured  out  on  the 
earth's  surface. 

Many  of  the  basaltic  rocks  haying  been  found  to  exist  in  steps,  forming  a  succession 
of  teiraces,  resulting  from  the  way  in  which  they  were  thrown  out  upon  the  surface 
or  beneath  the  sea,  haye  receiyed  the  name  of  trap  rocks,  from  the  Swedish  word 
tmppOf  a  stair  or  step,  and  are  now  commonly  so  designated  by  geologists.  Under  the 
general  name  of  trap  rock  is  included  the  whole  tribe  of  basalts,  and  indeed  all  those 
locks  of  yolcanic  origin  erupted  like  lava,  and  in  any  sense  intrusiye. 

Basaltio  rocks  are  not  less  widely  distributed  than  granitic  rocks  and  porphyries, 
and  like  these  they  ocour  in  two  forms  either  spread  out  upon  the  surface,  or  filling  up 
cucka  and  fissures  in  the  stratified  and  other  rocks  which  they  penetrate.  They  are 
generally  of  an  iron  gray  colour,  approaching  to  black,  and  often  contain  yarious 
imbedded  minerals,  sometimes  in  cayitics  and  sometimes  disseminated.  Crystals  of 
olirine  are  especially  common  in  certain  kinds  of  basalts,  and  replace  the  felspar  of  the 
(dder  rocks.  The  texture  of  basalt  is  often  tough  and  hard;  it  has  a  good  conchoidal 
fracture,  and  often  a  sort  of  semi-crystalline  structure,  and  is  yery  liaMe  to  superficial 
deocnnpoeition,  becoming  then  of  a  rusty  brown  colour,  and  Ibrming  an  admirable 
vegetable  soil.  In  structure  it  is  yery  frequentiy  columnar,  owing,  it  would  soem, 
nther  to  a  tendency  to  form  sikherical  concretions  in  cooling  than  to  any  more  complete 
crystalline  arrangement  into  prisms.  Some  yery  remarkable  examples  of  this  structure, 
characterize  the  basalt  of  Giant* s  Causeway,  of  the  Isle  of  Staffs,  and  other  spots  in  the 
north  of  Ireland  and  the  western  islands  of  Scotland ;  and  similar  appearances  may 
be  obseryed  in  basaltic  rocks  on  the  Bhine,  near  the  Siebengebirge,  and  in  central 
France.  The  grotto  of  cheeses,  in  the  Eifel  (see  cut),  affords  a  good  example  of  this 
stmcture. 

Besides  these  localities,  there  arc  seyeral  others,  not  only  in  Europe,  but  elsewhere  in 
Tarious  parts  of  the  world,  in  which  may  be  traced  the  marks  of  yolcanoes  either  actually 
now  yomiting  forth  fire  and  laya,  or  at  present  extinct,  but  leaying  abundant  eyidenoe 
of  their  former  existence. 
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Baadtks  rot^  nr^  not  oonfined  to  ihc  iuiBice  or  to  gt^oiogif^  opoclifi  Actually  oi 
CioiE)|)«ratiyely  recent,  but  aee  met  wit^h  alao  in  the  oldeF   rocka^  sometimes  regularly 

lieddadf   and    sometiznee    fcdming 

ki'gest  aiid  moet  widely  fipreod  of 
^  thefie  is  tlmt  rt^markable  table 
Ijmd  oooi^^yiDg  an  impcortant  part 
of  centnd  Indlii,  tmt  a  yeiy  extaor 
aivo  district  in  BoutL  A&if?a  is  uiwo 
capped  in  the  sajDH  nuumer.  It  is 
not  unlikely  that  in  most  cases  m 
whick  t^o  baaalt  ia  widely  gpo^d 
it  haa  bc-dn  poured  out  b^neatb  the 

It  app^LT^  th^  on  the  whoQe^ 
that  wh&tever  may  h^t  the  oa&e  with 
regard  to  rooks  manifestly  of  aqns- 
oua  orii^n,  wMch  wo  h&Ye  not  ytii 
t^tm  into  the  account,  tEcno  is  good  c^Tidenoe  gf  the  c^dstenc^  of  imotkf)r  yery  dietinet 
seriesi  whi{!h  mny  pos^bly  bo  of  great  age  eren  in  its  present  form,  bnt  conoemi]^ 
wticli,  as  the  maasea  of  which  it  ia  made  np  owe  tlicir  mode  of  aggregatioii  to  chemioal 
and  not  mechanical  agency,  no  definite  age  can  bo  ascertaincid  &om  their  appeoraiire 
and  TniTiarftl  condition  only. 

It  aUo  appeara,  that  in  addition  to  an  intere^ng  and  rery  remarkable  series  of 
snch  rocks,  known  by  tiio  names  of  gmnite,  porphyry,  grcenstom^,  and  others^  not  at 
all  resPTnWiTig  reoent  Tolcanie  products,  but  yet  cry&tallme,  and  manifestly  of  igaecKa 
origid^  there  u  another  da^  tho84>  4^ed  trap  rocka  and  bosalC,  which  appcsjf  to  be 
of  yolcmiie  origin,  and  wMcb^  inBtead  of  originally  forming  part  of  the  solid  &antewotk 
of  the  earth,  haro  bttrst  thit^ugh  this  framework  and  tho  beds  rating  upmt  it,  and 
cojomg  up  in  a  molten  condition,  haye  spread  tbemselyes  out  upon  the  surfecc.  These, 
therefore,  even  if  ooeasionally  bodd^  ore  yet,  in  atrict  sense,  LutrasiTe.  These  two 
great  classes  of  igneous  rocks,  wMle  they  eshibit  many  points  in  common,  are  yet  tbtj 
distinctj  and  tb©y  ojfer  much  iinpcrtsnt  matter  fer  consideration,  if  wb  desire  to  inyes- 
Mgato  the  cause  of  the  diiereEce  that  eadats  between  rocks  whose  mineral  ingredients 
and  sl^li^  of  aggregation  are  bo  similar. 

KetojiiOTpliic  Rockfl.— It  is  one  of  the  proofs  of  the  true  igneons  origin  of  theso 
rocks,  that  when  they  have  come  in  contact  with  others  manifestly  of  aqneoua  and 
mochankal  origin,  lAtey  have  altered  them  as  by  the  action  of  intense  heat.  It  is  thetli- 
fofTG  not  surprising  that  thero  fthootd  be  whole  classes  of  rocks  immediately  adjacent  t© 
tii0  great  nnderlymg  mae^s  of  granite,  poiphyryy  &c.,  partaking  of  this  character  of 
changOj  and  ai&ct43d  by  the  yiclnity  of  so  much  heated  matter* 

HeithfiT  can  we  be  aetonishcd  when  we  find  that  these  rocks  so  affected  often  ealiibJt 
-cary  striking  reseinblanoefi  to  the  igneous  rocks  Ihpy  approach,  for  there  can  be  no 
reasonable  doubt  that  they  wero  derived  immediately  and  directly  from  them,  andweio 
nothing  mofo  originally  than  broken  froj^ents  re-arranged  into  beds  or  layers  by  the 
action  of  watisr.  Tbng  there  is  no  violent  transition  when  we  pass  fi^m  the  examina* 
tion  of  granite,  wh^re  qiwrta,  felspar,  and  mica  are  chemically  arranged,  to  gneiss,  where 
tho  same  minerals  arts  arranged  metlianically ;  and  wo  need  not  wonder  if,  during  the 
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(l^Kieit  of  th^se  witer-wom  frtgiaenti,  thje  pftrticlet  of  iblepar  eihould  have  been  soiflG- 
tim^  c&mfid  oOf  laaTmg  tbo  baftTiar  osim  of  qtmft£  and  mioii  liehind  to  bocomti 
tma  ^h*stf  kdA  fcxrta  a  sepanto  ■sd  difituust  deiKj^it;  or  tbat  tb&  minTite  pounded 
&igsii£iiis  CAmcd  to  the  grc«to«ti  dkfamoo  tkould  havo  been  ultimiiMj  thrown  down 
aa  flfijo  mnd^  whieli  ifterwiirds,  m  the  eouTBu  of  tiin^,  l)(>eajiic  eh^  sUiU,  In  tihis 
Wfty  we  oan  iceoimt  for  the  cxktenoe  of  the  three  i^ciit  cliu^eB  of  stratified  metu- 
moepiuo  roclci,  whieh,  while  thuj  sio  CTidentl^  mcchiLiiical,  am  no  less  ^ridcntlj 
ehtuged  ^tun.  their  original  condition,  somo  moTtQ  and  some  le^  bnt  whicht  thouj^h 
Ihoa  chan^^  beoi-  mi^ls  of  their  original  condition  no  Icbb  than  of  their  Bnbsc^nent 
Modi&Catians, 

Th^  rocka  oallod  motamorphic  aro  of  two  Irindit,  itratiflod  and  Tuutratificd*  The 
latter  include  quarts  jxiek,  and  perfectly  cr^^talljiies  Umeatonc  ot  marble ;  tbe  fornmr 
tee  genenJly  oonildered  an  forming  threo  poops,  diwignatod  by  the  tcmui  gnpUs,  mka 
iliite,  Hnd  day  date.  Other  rocks  of  the  same  character,  and  differing  in  appearonee, 
niay  deserve  a  few  words  of  separate  dpseription,  but  thete,  in  pomt  of  fact,  ore  the 
tuieties  with  which  it  is  chiefly  requiaite  to  be  acqnoiated, 

GneisSf  ds  boa  been  already  said,  \s  a  rock,  of  which  the  matermh  are  (jnait^j  felspar, 
sod  miea — ^tiie  some^  there- 
fee,  as  those  of  which  gra- 
mte  fa  compounded-  but 
these  nuiterials  arD  artangcd 
in  diatinet  tayer%  ai  wo 
might  imoginc  would  be 
the  case  if  the  granite  were 
ground  down  to  firag^nesnii^ 
aod  them  Fo>oainpoeod  into 
t  itr^^ifiod  f043k,  after  being  convoyed  for  a  ^^atcr  or  lesa  diitance  by  water. 

But  gneias  ia  not  merely  a  ft^-eenstrueted  granite.  It  has  been  emce  changed  and 
tMasaolidated.  into  a  compact  rock.  It  hoa  boon  aometamea  split  imd  figured  in  TariouB 
^^rectione,  and  those  ^sauros  baye  often  boon  filled  with  gramte  reuia,  wliile  oecaMon- 
hHy  the  gnidas  ia  not  at  all  leta  eryatalline  than  true  granite  itBelf,  but  pafisos  by 
iaaenjiihle  gradations  into  the  latter|^  loi^tn|tt  ^  it  approaches  this  state,  all  appfsaranDB  of 
stroi^ifijQation,  ao  alowly  that  it  ia  yery  difficnlt  to  mark  aecnrately  the  point  of  absolute 

^  however  gneiss  pasaea  downwarda  in  tkia  way  into  granite,  bo  deei  it  pass 
qpwarda  hy  a  schiatose  and  less  perfectly  oonaolidated  state  into  muMf  »ktU. 

6i^iEa  and  all  the  other  mctamorphio  rocks  have  fi^oqnently  undergone  great  chtrnges 
in  eanaeqaenoe  of  mechaiiieal  Tiolence,  and  the  meat  amgulor  contortions  have  aome'^ 

times  been  produoed  in  rocks  of  this  kind,  appa- 
rently by  violent  aqueeztng.  In  some  ports  of  the 
weetem  i^and^  of  Seotland  very  romorkable  in- 
Btances  of  this  may  be  seen,  and  have  been  weU 
described  by  Dr.  M^Cnlloeh. 

Gneiss  is  often  found  wrapping  round  the  ccntstd 
granitie  axis  of  mountain  chains.     In  "^cw  cases 
it  has  znani&Mtiy  undergone  cleTattoxi  with  the 
panito,  and  has  boon  greatly  acted  on  during  this  process, 

ICiea  atate  or  Bchiat,  which,  next  to  gneiss,  is  among  the  moat  abundant  of  the  meta- 


Q|4£lBSi   hUD  aiLjLXlXli> 


56  MICA  SCHIST  AND  CLAY  SLATE. 


GNEISS  AND  MICA  SCUIST. 


L 


morphic  rocks,  consists  apparently  of  decomposed  granite,  from  which  the  felspar  has  been 
removed.  It  is  more  slaty  than  gneiss,  mica  being  the  predominant  mineral,  and  the  quartz 
is  often  arranged  in  thin  lenticular  masses  interposed  between  the  mica,  or  is  formed 
into  thicker  beds,  with  a  more  or  less  abundant  distribution  of  mica.  When  the  mica 
is  altogether  absent,  there  is  nothing  left  but  quartz  rock.  Mica  schist  passes,  as  already 
observed,  from  gneiss,  in  some  cases  the  gneiss  having  been,  as  it  were,  an  intervening 
step  in  the  process  of  deposition.  It  occasionally  happens  that  although  the  mica  is 
absent,  it  is  replaced  either  by  talc  or  by  chlorite.  Mica  schist  is  far  less  abundant 
than  gneiss  in  Scotland,  but  aboimds  in  the  north-west  and  west  of  Ireland,  where 
much  of  the  peculiar  character  of  the  scenery  is  derived  from  the  presence  of  this  rock. 
It  is  not  unusual  to  find  minerals  of  various  kinds  distributed  in  mica  slate,  amongst 
which  may  bo  mentioned  garnets,  tourmaline,  schorl,  chiastolitc,  and  cyanite,  as  well 
as  emerald,  besides  some  ores  of  metals.  Many  instances  arc  also  known  of  beds  of 
granular  Hmestone  and  dolomite,  of  quartz  rock,  and  of  iron  ore,  being  also  present  in 
rocks  of  this  kind. 

Mica  schist  is  always  distinctly  bedded,  but  the  sti'ata  arc  frequently  much  con- 
torted. Although  it  is 
most  usual  to  find  this 
rock  intermediate  be- 
tween gneiss  and  clay 
slate,  this  is  by  no 
means  always  the  case, 
and  it  is  very  widely 
distributed  throughout 
the  earth  without  reference  to  the  other  great  classes  of  metamorphic  rocks. 

Clay  slate  is  not  less  distinctive  and  not  less  perfectly  characterized  as  a  metamw- 
phic  rock  than  any  of  those  we  have  hitherto  considered.  It  is,  however,  decidedly 
fossiliferous  in  many  cases,  and  thus  occupies  a  double  place,  requiring  to  be  alluded  to 
in  its  metamorphic  character  now,  and  afterwards  appearing  among  the  rocks  regularly 
stratified  and  of  various  geological  epochs. 

The  common  appearance  and  general  character  of  clay  slate  are  well  seen  in  the  finer 
and  more  perfect  specimens,  selected  on  account  of  their  fine  grain  and  perfect  cleavage, 
and  used  for  roofing  houses  and  various  economical  purposes.  Slate  varies,  however, 
from  this  condition  to  a  much  coarser  variety,  containing  few  evident  marks  of  daty 
structure,  and  being  far  more  siliceous  and  gritty.  It  resembles  indurated  clay  or  shale, 
and  consists  of  nearly  fifty  per  cent,  of  silica  with  about  twenty-five  of  alumina,  mixed 
with  a  variable  quantity  of  oxide  of  iron,  magnesia,  potash,  and  carbon.  In  the  state 
in  which  it  generally  occurs,  the  particles  have  undergone  change  and  re-arrangement 
of  position  since  the  whole  mass  was  deposited,  and  there  is  good  evidence  to  prove 
that  large  masses  have  been  disturbed,  and  even  compressed  and  contorted  by  the  intru- 
sion of  other  rocks,  being  often  elevated  into  mountain  masses  flanking  the  igneous 
rocks,  whilst  the  beds  are  frequently  inclined  at  high  angles,  as  may  be  seen  in  many 
districts  of  North  "Wales,  Cumberland  and  Westmoreland,  Devon,  Cornwall,  Ireland, 
Scotland,  and  many  other  parts  of  the  world. 

This  re-arrangement  of  the  particles  after  consolidation  and  even  after  subsequent 
disturbance  is  a  very  remarkable  fact,  and  one  which  renders  it  necessary  to  call  in  the 
aid  of  the  metamorphism  as  the  only  means  of  explanation. 

In  North  Wales  it  is  no  unusual  thing  to  sec  slates  in  which  the  original  lines  of 
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bedding  are  perfectly  manifest  by  Uie  fossils  obseryed  at  the  partings.  Tbeso  lines  arc 
now  contoarted  and  twisted  in  the  strangest,  most  complioatcd,  and  most  grotesque 
manner,  and  a  diagram  can  scarcely  do  justice  to  the  extent  of  this  complication.  But 
the  'same  beds  of  day,  which,  after  being  first  quietly  deposited  as  mud  at  the  bottom  of 
Ae  aea,  have  afterwards  become  consolidated,  and  then  by  violent  squeezing  and 
Qk?atoiry  force  have  been  removed  from  their  original  position,  and  made  to  exhibit 
the  appearances  above  described,  are  yet  smooth,  regular,  and  uniform,  for  they  wiU 
^lit  readily  into  infinitely  thin  laminse  parallel  to  one  another ;  they  will  also  separate 
into  cubical  masses  of  certain  definite  size,  and  they  will  present  this  structure  in 
precisely  the  same  way,  and  over  a  great  extent  of  country,  without  the  slightest 
r^srence  to  what  may  be  called  the  accidents  of  the  bed,  and  apparently  obeying  only 
some  law  concerning  which  we  know  very  little,  but  according  to  whose  action  the 
internal  particles  of  bodies  in  a  solid  state  change  their  position  relatively  to  one 
another,  and  so  fiEir  alter  the  character  of  the  rocks  as  to  justify  the  application  of  the 
tenn  metamoxphic. 

The  phenomena  just  described  are  called  structural,  as  affecting  the  intimate  structure 
of  the  mass,  and  not  merely  its  external  form.  The  effects  produced  are  reducible  to 
two,  deavage  and  jointed  structure— this  latter  being,  in  fact,  imperfect  crystalline 
structure. 

The  condition  of  cleavage  is  always  worthy  of  notice  when  occurring  in  rock 
masses,  but  where  there  is  no  other  indication  of  crystalline  structure,  and  the  mineral 
is  one  which,  like  clay  or  aluminous  earth  mixed  with  silica,  has  no  regular  crystaUine 
farm,  this  condition  is  the  more  singular.  It  is  not  less  remarkable  to  find  that  rock 
masses  are  affected  by  this  peculiarity  in  a  uniform  manner  over  wide  spaces ;  that 
the  action  has  gone  on  regardless  of  any  change  in  the  nature  of  the  mineral ;  and  even 
i(  fi>r  a  space  intermitted,  in  consequence  of  the  presence  of  some  rock  which  cannot 
exhibit  this  appearance,  such  as  the  purer  sandstones  and  qaurtz  rock,  it  yet  takes  on 
again  at  a  little  distance,  preserving  the  same  direction  ami  strictly  parallel  to  itself. 

True  slaty  cleavage  is  generally  transverse  to  the  bedding,  and  often  in  the  direction 
of  strike.  It  partially  but  not  entirely  obliterates  true  bedding,  but  it  does  so  by  no 
very  marked  interference ;  and  if  fossils  are  present,  although  they  are  cut  across  and 
intersected  by  the  cleavage  planes,  the  indications  of  organic  existence  still  remain, 
and  give  the  best  of  all  evidence  with  regard  to  the  direction  and  position  of  the 
beds. 

Jointed  structure  is  quite  distinct  from  cleavage,  its  tendency  being  to  induce  the 
s^aration  of  a  rock  into  cubical  masses,  by  cracks  parallel  to  one  another  at  certain 
distances  and  in  the  same  direction.  In  most  mountain  masses,  whether  crystalline  or 
not,  in  granite,  in  limestone,  even  in  sandstone  and  coal,  there  may  be  found— and 
this  is  well  known  to  quarrymen — certain  facilities  for  working  in  one  direction 
rather  than  another.  Various  technical  expressions  are  used  to  denote  this,  but 
no  tBLict  is  more  universal ;  and  the  direction,  when  taken  by  the  compass,  is  oftegi 
fimnd  to  have  a  well-marked  relation  to  magnetic  north  and  south.  Of  course,  in  order 
to  produce  cubical  or  columnar  structure,  there  must  be  two  sets  of  joints,  making  con- 
siderable angles  one  with  another,  but  such  is  the  case  in  almost  all  rocks. 

There  are  still  two  kinds  of  metamorphio  rock  not  hitherto  alluded  to— namely, 
metamorphic  limestone  or  crystalline  marble,  and  metamorphic  sandstone  or  quartz 
rock.  Both  these  substances  are  occasionally  met  with  in  veins  in  other  metamorphic 
roeksy  and  both  must  be  distinguished  from  the  products  of  segregation  \  \||a3:tk]UA  ^1 
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the  same  kind,  when  combined  with  other  mineral  substances,  under  oeriaiii  een- 
ditions,  haying  a  tendency  to  separate  and  group  themselyes  together  in  yeins  or 
oaiyities. 

Crystalline  metamorphic  limestones  are  always  granular  in  their  structui^  and 
the  peculiar  appearance  thus  characterized  will  be  understood  by  comparing  a  piece  of 
marble  with  a  fragment  of  limestone.  All  the  £bae  kinds  of  marble  are  of  this  ^M, 
and  are  generally  found  in  the  yicinity  of  igneous  rock. 

Quartz  rock,  or  metamorphic  sandstone,  is  also  granular,  and  is  distinguished 
without  difficulty  as  well  by  its  appearance  as  by  its  geological  position  from  any  rocks 
for  which  it  might  be  mistaken. 

BiBtzlbiition  of  Motamoxpfaic  Rooks.— Haying  said  so  much  with  regard  to 
the  general  appearance  and  nature  of  metamorphic  rocks  as  minerals,  we  haye  now  to 
allude  to  their  distribution,  and  to  the  geological  phenomena  connected  with  their 
presence. 

As  a  group,  they  arc  very  widely  distributed,  very  closely  related  both  to  the 
imderlying  igneous  and  the  oyerlying  aqueous  rocks,  singularly  alike  in  many  respects 
oyer  yery  extensiye  districts,  and  at  vast  intervals ;  aad  often  covered  up  superficially, 
by  8  great  thickness  of  other  rocks,  apparently  partaking  of  the  character  of  universal 
formations.  From  all  this  it  might  be  imagined  that  they  were  contemporaneous,  w 
nearly  so — ^that  they  form  a  vast  mantle,  spreading  far  and  wide,  and  of  much  greater 
antiquity  than  any  of  those  stratified  fossiliferous  rocks  which  in  most  countries  are 
found  upon  the  surface,  in  the  plains,  and  in  the  vaUeys.  But  such  a  coaclusion  would 
be  premature  and  very  unphilosophical.  Whenever,  indeed,  we  find  fossiliferous  stra- 
tified rocks  resting  upon  metamorphic  rocks,  and  these  agaia  reposing  on  granite,  the 
relative  age  is  clearly  exhibited,  but  only  the  relative  age,  and  the  metamorphic  end 
igneous  rocks  may  manifestly  have  been  brought  into  their  present  conditi<m  at  any 
period  between  the  first  creation  of  the  earth  and  the  deposit  of  the  lowest  unaltaed 
rock.  As  an  example  of  this,  we  may  take  an  instance  occurring  in  the  Alps,  whieie 
a  true  clay  slate  rests  upon  granitic  rock,  but  there  is  distinct  evidence  from  fossils  that 
the  slate  is  a  very  recent  rock,  geologically  speaking.  The  slates  of  Wales,  on  the  other 
hand,  which  hardly  differ  geologically,  are  among  the  oldest  strata  of  which  we  have 
any  knowledge,  and  most  unquestionably  were  brought  into  their  slaty  condition  miUiuBs 
of  ages  before  the  others  were  deposited  as  mud. 

The  igneous  and  metamorphic  strata  of  one  district,  therefore,  may  be  of  very 
different  ages  from  those  of  another,  however  closely  there  may  be  a  resemblance  of 
mineral  structure.  Chemical  action  may  have  been  going  on  at  great  depths  beneath 
the  surface  continuously  during  the  whole  of  the  earth's  history,  and  may  be  stiU  going 
on ;  so  that  the  undulatory  movements  of  the  earth's  superficial  crust  may  have  been 
the  means  of  bringing  successively  \mder  the  influence  of  heat  those  substances  depo- 
sited from  suspension  in  water,  and  may  perhaps  alter  them,  first  rendering  them 
metamorphic,  and  afterwards  converting  them  into  igneous  rocks. 

Aqueous  Rocks. — Having  now  considered  the  nature  of  those  rooks  which  form 
the  actual  skeleton  and  framework  of  the  earth,  and  below  which  we  cannot  expect  to 
find  any  indications  of  mechanical  origin,  and  having  also  discussed  the  nature  of  that 
class  immediately  resting  upon  these,  and  often  greatly  altered  by  their  contact,  we 
pass  on  to  describe  that  vast  group  of  stratified  fossiliferous  rocks  which  form  the 
great  object  of  investigation  in  Geology,  by  which  alone  we  obtain  a  distinct  know- 
ledge of  succession  and  of  the  earth's  history,  and  which,  in  tiie  informati^a  of  .tJiis 
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tind  which  tbey  oominuniote,  are  equally  remarkable  for  their  vast  Tirietj,  thair 
great  thinlmfais  and  their  abundant  and  characteristic  organic  remains. 

The  first  inquiry  made  by  an  obacrver  anxious  to  obtain  and  render  ayailaUe  a 
knofwledge  of  this  lubjcct,  will  almoft  nccossorily  bo— what  aro  the  subdiyiaiona  and 
the  characteristics  of  the  different  groups  of  thi'sc  rocks  ?— what  principle  of  claasifica- 
tioa  is  followed,  and  how  far  is  this  principle  a  natural  one,  or  merely  founded  upon 
accidental  or  unimportant  characters  ?  As  a  general  answer  to  all  such  inquiries,  it 
is  as  well  to  say  at  once  that  the  principle  of  classification  in  Geology  is  natural ;  ^at 
it  is  founded  upon  exceedingly  important  and  very  striking  characters ;  that  it  is 
rtnotky  real,  but  that  it  often  presents  great  difficulties  when  applied  in  detail ;  that 
it  Tcquirea  all  the  accurate  and  minute  knowledge  of  the  experienced  naturalist  to 
avoid  errors  in  its  application.  In  order  to  explain  the  nature  and  value  of  this  method, 
it  will  be  necessary  first  to  consider  what  kinds  of  arrangement  are  possible,  and  tho 
lelatiTe  value  of  each. 

It  is  true  that  since  the  various  aqueous  deposits  exhibit  some  differences  of  mineral 
compoeition,  and  some  peculiarities  in  their  state  of  aggn^tion  when  examined  in 
paztionlar  districts,  the  mere  detennination  of  the  fact  that  sandstones,  limestones,  and 
chys  were  grouped  in  a  certain  manner,  would  be  something  gained.  But  this,  after  all, 
advaneea  us  but  a  small  step ;  and  when  wc  examine  rocks  in  their  places,  it  will  soon  be 
fiyond  that  audi  distinctions,  however  clearly  established  in  one  district,  do  not  help  us 
at  all  in  another  at  no  great  distance.  Mere  mineral  characters  of  this  kind  are  therc- 
fbte  praetically  of  little  value,  and  although  in  the  earlier  days  of  Oeology  the  student 
was  led  to  suppose  that  certain  strata,  such  as  red  marl,  grauwackc,  and  others  were 
universal,  and  that  limestones  or  sandstones  might  be  determined  at  once  to  belong  to 
a  certain  i|§»  \fj  Haar  appeanmoe  and  crystallization,  no  one  now  would  venture, 
without  geod  loeal  knowledge  and  fitmiliar  acquaintance  with  the  subject  by  other  and 
more  accunAe  meanBy  even  to  sqggest  the  positioii  of  a  rook  by  its  meze  mineral  and 
lithologicak  ^hBcteter. 

But  if  mere  mineral  character  of  itself  has  little  value,  it  may  still  be  imagined  that, 
combined  with  local  knowledge,  and  assisted  by  a  knowledge  of  the  general  super- 
position of  strata,  it  might  enable  us  to  group  together  certain  strata.  No  doubt  this  is 
paitiaUy  the  case ;  and  there  are  some  rocks  which,  when  once  determined  by  other 
meaiis,aie  very  easily  recognised.  But  to  identify  a  rock  found  in  a  now  country  is  never 
safe,  if  we  are  guided  only  by  its  resemblance  to  a  similar  rock  in  a  district  we  arc 
already  acquainted  with.  The  resemblance  may  suggest  a  plaeo  for  the  specimen,  but 
it  eannot  enable  us  to  assert  positively  that  such  is  its  place. 

In.  any  given  spot  the  order  of  superposition  is  a  matter  of  great  importance  to 
dstmaine,  and  the  nature  of  the  ahemations  of  limestone,  sandstones,  and  clays  of 
various  kinds,  will  often  exhibit  a  certain  definite  system,  which  it  is  of  no  little  value 
to  know.  But  this  is  not  sufficient  to  enable  us  to  arrive  at  any  distinct  and  useful 
geologioal  conclusions;  for  if  we  examine  and  moke  out  with  perfect  distinctness, 
aoeording  to  this  method,  the  exact  order  of  superposition  in  one  district,  wo  are  not 
necessarily  led  to  a  true  identification  with  another  district,  unless  wo  can  actually 
connect  the  two  by  Beotions. 

Fmwrtla — ^There  is,  however,  another  characteristic  of  the  rocks  wo  are  now 
oonaidfiring^  and  it  is  (me  which  rdates  to  their  contents  rather  than  immediately  to 
themselTee ;  hat  which,  insufficient  as  it  would  seem  for  classification  to  those  who  first 
examined  these  contents,  is,  in  point  of  isuct,  when  combined  with  tho  otbsiiT^  '\)«c&fe»:iC£<s 
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sufficient  and  satinfootory,  and  almost  imiycrsally  applicable.  These  aqueous  rocks  are, 
fur  the  most  part,  fossiliforous — that  is,  thoy  contain  the  remains  of  the  animals  and 
Yogotablos  existing  at  the  time  of  their  deposit,  preseryed  in  a  state  which  enables  us 
to  examine  and  recognise  them,  and  in  sufficient  abundance  and  variety  to  become 
in  a  proper  sense  characteristic. 

It  becomes  important  to  consider  the  exact  meaning  of  this  appearance.  How  ia  it, 
wo  may  ask,  that  animals  or  vegetables  can  have  left  bones,  shells,  or  the  leaves 
or  trunks  of  tiH)0s  entombed  and  preserved  in  sand,  mud,  or  limestone  ?  Are  such  things 
going  on  now  ?  and  how  can  wo  best  explain  the  various  circumstances  of  the  case  ? 

Both  in  the  ease  of  minerals,  therefore,  and  in  that  of  the  animals  or  vegetables 
found  in  strata,  we  are  forced  to  consider  the  general  subject  of  Natural  History  before 
we  can  fully  see  the  nature  and  understand  the  argimients  of  Geology. 

One  of  the  first  inquiries  with  regard  to  these  organic  remains  is  concerning  the 
state  in  which  thoy  exist,  and  their  relative  and  actual  abimdance.  "With  regard  to 
both  these  points  there  is  much  that  is  highly  interesting. 

Under  the  name  cS/asailsy  which  were  once  and  arc  sometimes  stUl  called  pelrifaC" 
HoM^  the  remains  in  question  have  long  attracted  attention.  Varying  according  to  the 
locality  in  which  they  occiur,  in  one  place  wo  find  only  such  minute  and  firagmentary 
itvmaina  that  wo  must  call  in  the  aid  of  the  microscope  before  we  can  arrive  at  any 
aatisAiotory  conclusion.  Another  rock  will  be  fi>und  actually  made  up  of  the  ezceed- 
ini^y  tmall  shells  or  secreted  stony  skeletons  of  some  marine  aninud,  such  as  a  species 
of  coral.    A  third  will  aboiuxd  with  broken  shells,  while  another  will  contain  them 
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uKur^  sparingly,  bm  also  mon^  pexfH^th'.  Here  a  limestone  rock  will  exhibit  the  mofli 
d«^cat^>  and  per&vt  impression  ixf  siwie  insect,  crustacean  or  fish ;  there  a  .sandstone 
ivreis^tts  only  the  mo^  rough  and  imperil  fira^iments  of  bone  bar^y  cs^ahle  of  showing 
structure'.  In  c»t«tq;»  in  Kngland  we  find  embedded  the  bones  and  teeth  of  kycnas^ 
bearsk  and  el^^^hants ;  in  South  Ankenea  the  mud  contains  complete  skeletons  of  mon- 
strous sloths  and  anuaidillo^ ;  while  in  the  Folaur  Seas  the  firozen  gtavelis  Ibond  to  jiddj 
ftom  time  to  tim%.\  the  complete  and  unixjaxed  carcasses  of  gt^antic  dephants  and 
ridaocecwegs.  aninmU  of  which  no  living  indiTidaal  has  appcoaehed  widiin  knndivds  and 
i^Teft  ^ho«»«ndE$  of  miles  of  ^  spot  within  tike  memocT  of  man. 

TV?ee  so-««llied  Ib^stK  too.  exk$c  in  all  possihie  mineral  eonditioBS^ 

\^>  find  sometime  the  booes  and  teetii  of  laii^e  animalsv  aa^ 
p«{^  of  smaller  oa»s.  diatrtWted  amongst  the  maatermls  acgtrm»htti^  to^yther  im  heay  by 
the  mMna  of  wa&er«  and  wry  httle  if  at  all  chan^  6om  ^tr  eri^ivml  eonditun. 

These  haid  p«irt$  h&ve  sometimes  had  a  poitiott  of  ^mt  ^dbnteKe  nmoved^  so  Hak 
they  hav«  be\>»ie  moce  ca^ ;  at  other  tum»^  ^fe^ir  natural  otvifiiK  and  jntwrtiita 
aie  filfed  )i^  ^T  sn»y  infiktaoojiev  hiixdeninip  and  atittdu^rni^  ^k«i;  while  gccinTinwiTly 
injlW9CM««  le^  after  the  deeay  of  a  p»xtioB».  are  fiUed  up  ia  ^  same  wap  wildkatenj 
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Sometimes  it  happens  that  not  only  the  interaticei  aro  filled  up,  but  the  whole  of  tho 
rest  of  the  sabstanoe  is  changed,  particle  for  particle,  into  some  now  mincni]^  in  which 
an  the  details  of  organic  structure  are  preserved,  whilo  DccAdionoU^  It  ia  found  that  the? 
place  onoe  occupied  by  the  organic  body  has  been  filled  up  by  iome  mmoml  subatancxi 
not  exhibiting  structure. 

Lastly,  it  happens  occasionally  that  cYcn  the  soft  parts  ha^o  been  retained,  as  in  the 
ammomitiw,  &c.,  of  the  Oxford  day;  tho 
ikmof  ibhthyosaurusinthelias;  whilo 
in  particular  cases  the  merest  indica- 
tions, such  as  the  footmarks  of  on 
animal  upon  sand,  ore  all  we  hayo  left 
to  astonish  and  instruct  us.  In  the 
annexed  engraTing  there  is  seen  tho 
mark  of  a  bird's  foot,  and  imprints  of 
drops  of  rain. 

All  these  are  the  different  forms  in 
which  bodies,  originally  secreted  by 
living  animals,  have  been  preserved,  and 
they  occur  in  some  one  or  other  of  such 
fbrms  in  almost  every  bed  of  the  whole 
number  we  discover.  They  are  incre- 
dibly abundant,  but  they  arc  distributed 
in  groups. 

Distribution  of  ofganic  Beings 
on  tlie  Sarth. — ^Tho  nature  of  the 
groups,  and  the  consideration  of  what 
kind  of  animals  would  be  buried  in  the 
sea  in  particular  spots  at  present,  is  tho 
next  subject  of  consideratioiL  This 
involves  some  acquaintance  with  tho 
geographical  limits  and  distribution  of 
animals  and  vegetables  both  on  the  land  and  in  the  sea. 

If  we  are  to  consider  what  are  likely  to  be  the  causes  of  the  prevalence  of  a  species 
or  a  group  of  species  in  any  spot,  we  must  make  ourselves  familiar  with  the  facts  on 
record  with  regard  to  this  subject. 

Now  it  is  well  known  that  certain  animals  and  vegetables,  extremely  common  in 
this  country,  do  not  naturally  range  beyond  particular  limits,  while  the  gnimftU  and 
plants  of  distant  regions  are  only  to  be  found  here  when  introduced  by  tho  agency  of 
man.  In  many  of  these  cases  there  is  no  apparent  difficulty  in  acclimatizing  the  newly- 
intrpduced  race,  and  in  some  the  new  position  they  are  made  to  occupy  appears  even 
more  favourable  for  their  development  than  that  to  which  they  were  bom.  We  can 
only  say  that  certain  tribes  are  indigenous  to  certain  latitudes,  and  more  or  less  limited 
in  their  range  beyond  those  natural  bounds.  Such  matters  will  probably  be  more  fully 
diseussed  and  explained  elsewhere  in  speaking  of  tho  distribution  of  animals  and  vege- 
tables in  space,  which  is  an  important  x>art  of  Zoology  and  Botany ;  but  we  may  here 
briefly  advert  to  some  simple  but  effectual  illustrations  that  will  enable  the  reader  to 
understand  subsequent  reasonings. 

One  of  the  main  facta  deduced  from  natural-history  conBid£!iatioii&  oi  ^<&  ^^s^x^-vjl- 
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limi  of  luiiuiulii  iind  vt-'gdablcH  in  Uiv  very  important  ono  that,  in  difiEeiexit  parts  of  the 
warlil,  iiudiT  Himiliir  t-'omlitiuiis  of  exiatenco,  we  do  not  find  the  same  species  indig^iouB) 
liiiL  li  KitMit  vtti'it^iy  of  HpifitM  oiVii  manifustly  framed  to  perform  similar  ftmetionB  and 
•ilHU-tiliiiUrti  tiiid  (f!rt'atly  roM^wbliiig  uueh  other  in  essential  characters,  but  which  not 
IminK  iilmititJil  inuy  pntpnly  bo  cullotl  aHahyotis  or  representative* 

Tiitn-o  U  hurilly  a  iiioni  inipoilunt  biw  of  organic  life  than  that  according  to  which 
iltn  tiuimi  dllVrti  uro  proilurod  in  nature— tlio  same  kinds  of  country  occupied — the 
&aim>  ttniipM^ture  and  altitude  tenanted,  by  groups  which  thus  show  adaptation  by  the 
uirt  Iid4  of  r^iweaentatkm  and  not  of  idcntit}'. 

TWkei,  Ibr  ia■l•M^  U*  ftiwta  of  Brasil,  and  let  the  animals  there  indigenous  be 
I  itil^art^d  with  othwn  imai  with  in  similar  districts  of  tropical  Asia.  Each  hasitsoazni* 
\  ««mtii  animala,  ilaiaonleeyai  its  bata,  its  gnawing  animals,  its  ruminating  amnuJa»  its 
)>igJik«»  aniwiUa  (tap&M  aaid  honaa),  and  eren  its  marsupials  and  edentates— and  yet 
I  Usva  is  aWi^utely  not  cms  identieal  spaoifs  in  the  t^-o  continents.  And  if  we  look  at 
\  Uo  laolattHl  laud  K>i  Australia,  the  islaada  off  the  east  inxtst  of  Asia,  or  those  small  isLands 

mvt^  aii^i^ka  i»  tho  oewia  the  Qalapagaa,  otf  the  western  shore  d  South  America, 
v'n«^  of  tlMte  has  its  own  peeuUar  ftnoft,  and  almost  its  own  flora.  Each  ezhibitB 
i\4ativ4ia  to  tho  Akuaa  o^  tlia  nceieel  bund,  but  it  is  by  repreeentationf  not  identity, 
la  th»  iHvaaMbtatioa  of  tl^b  mlijeel  dtcve  is,  however,  one  apparent  difficulty,  ainee 
\)m  ialattda i»  (l»  vieinity  ^  eeMMMMfta  aoMetimeshave  the  same  species  d soiimals  and 
\  ^'selaUes  aa  tlM>  of  thi»  m»eMl  waain^lani.  while  in  other  eases— as  in  the  Galapagoe 

thsaoare  cdtyaiHalar  aHd  JWl  iAmtieaL  It  has  been  left  to  the  geologial  to  ea^lam 
(  u^  ivMMv  of  tlAi  rtagttW  ftfft. 

Tho  kaw  v>f  repMSMMIlTe  iqpeeiea  ae  hitherto  eoosideied  has  refiercnee  to  apace 
;v  u^'vulIw  «ifed  evteadate  two  dimfwaiaaw  horuontaUy  and  vertically.  It  re^eiB  also 
!  .^c  xvt'.K  lo  Uttd  a«&iali>  but  to  those  wluk-h  iuhabtt  tlw'  water.  In  other  words,  as  in 
'.  v\iuU»^  hi^  8ao«n«ain*  w^&  pass  through  Y;irious  u^mperatuzts*  and  eroa  wxtbdn  the 

v^i'^v\s  iiijk\  vuw  to  the  Wvel  at  whWh  therv  i»  vvostantly  now  on  the  gnwnd.  thus 
..v'-.-.-v.*;  I  bo  'tvl^tr  ^\4i\Htions,  *,■*  >u  the  vii#:r»butioa  of  animals  th-.-se  flKind  on  ^ 

k^hoL  ^tv'^uU  o-vtiibi;  iiuats.^k>s  with  *K>Ur  ^tpvviiedL     In  the  snu  where  it  app^nrs  that 

.  .V  umivi'.iMiv  x\  ji!\a:  .lo",^:>.<»  oveii  iv.  A.^i^-.'  rrv»pirtd  latitTtties*  is  that  of  water  at  its 

...va:-.>c  ios'.NiCN,  ;t\»u:  t?\  iii^l  ^hcr^\  owux^m:  to  othtfr  vireomstanueik  the  a^miitigns 

w^uiaMv'  lU  liU'  iibiLUvjuiu^  i<.-\vlovuu'ut  N?f  liS*  exist  v^nly  near  the  jurcue.  dke  great 
.1  ■i»i^T>,   '-T  '.vitaucv>l  Ai  *!!.  jLf.'  ^v^uasLCexi  by  «t,«ecies  rv^embiixu:  ^loee  which  in  colder 

vu»  .cv  A'ii'.ivl  uv*d.'.vr  r:*v  >..>a-.v.      Ih-i*  >*e  *2^\v  marine  jsunes  ox  iHimiiir  orzanii:  eon- 

voii,  ru*:  Lx  oil  Von  J  ho  idvc  i-.»iu.*  aiviai:j^  rjfetvnc  ^x^cmical  anu  iooIo^Ttl  rvxbrcs. 

Miftts\^uti«Ma  ia  Tiaae.    N  .'w    in  t.itvlc.'^y  this  Mmc  luv.-  •.•i  represescuicn  is 

. -uMv*  i!.»  'la^v*  \vu  ,*r«uu   /uc  "*  v^**^  ^i^*-'*  >^  *^  v)cher  wvrus  the  jpevikw  chnrae- 

.n»i'A-  .'^' .i;i>  ^vlv.'ii'.i.xU  5>rtia:'.-. :i  d^v  >.un.T*ttuiraLi".v  i:t  Time  jtf  wfll  is  jcrace  of  uae 

N.Kxiv*  "loH  .v.a^iij,,.      '-V  h'ivLl-  ui;>>:i.tA    jt  ..v.-ucc  >:wu»  »  :«vvuieu.  by  toe  dae 

^.a-xivitis.'-.i-i  ,»i  ,-.!;>  ..■.'>.  .LIU  X  .'X\.:  •Ar-:.«'>  :iiv  "uv**  sotrtii-vij:  ji  my  »t  iniow  rryngfr^ 

V.  ^-.vU-^'cu.  :i''*.>i".j,K.;  A,  >  ;.'.>is  jt'.ti  :-.■  x  .*:'.l'.  jitouor  'Jurai  .i  x  .-jnuioun  jccainsB 

H'  -i-  H-Kii:  v.H'i  .V  "iK'iv  >cr»kiu;^  :Ji«:i  "v  "x  :lLc.  rliac  *Ji  imriLUC  dme»  Thure  dxiattd 

'ii  .>.La»  .liitii  'I  .  uiTs  rave*  Jt  "xuiiTs  uo.%  -jaa^cri  AMc.y.  .uirl  :w  >.  rauy^iic  :ii!e  ^eculiati- 

=<.^    ■.>!■■,.'..  11.  lii-i  .v-u  Mi.'.c  vi  iiii.ii-ils  -uiu  '''.^-^cuoiv.* '^-aii-i  ut.»  jvTj  jc  ai;flx  has 

•:  >;.\  ■.   :«.  *   ■     .-..,  <.:■..■.      *  >.„.    ■..■..*.    s-..^*-  .   .-.>  "..•..ui   ii.s  ^rt-'.-ustricowtt  yt  .-jok  IinEC 

.,-i:v     v.^-   r--    ::.>    .V. ,.:::;i.;     *  .::    k&a    ui-..    .'i-a-j:  .j:v  j^'-    mu   Hiuctittju  >om»   :f 
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ef&[  been  tlumg^  of  bjr  the  imagination  of  man,  eyon  in  ito  wildest 

And.yel  all  lUs  is  now  oflfoctod,  and  in  the  most  satisiSMstory  manner,  by  those 
Biteniiati  who  haye  been  contented  to  study  with  patioioe  and  persoveranee  the  woote 
aal  ways  <tfeiiatlag  nature.  When  wo  find  that  she  adopts  methods  and  obeya  laws 
whiok  vttmtdiangeable,  we  in  faoi  only  add  one  more  to  the  innumetablo  proofs  of  order 
and  ayrtem  which  perrade  all  the  works  of  creation.  The  extension  of  a  law  is  not 
tibe  adoftiaii  of  a  new  law ;  and  ao  far  as  wo  are  aware,  no  now  method  has  been 
iBfBixed.XMP  aioptsd. 

But  we  noBfe  refer  again  to  the  important  and  interesting  subject  of  ancient  organic 
Mtne»  and  leani'tiie  eactent  to  which  naturalists  haye  adranoed  in  proving  the  feot 


GREAT  ZaiSn    ELK. 


of  the  ancient  existence  of  animaU  and  yegetables  now  no  longer  mot  with,  as  woU  as 
the  limits  of  disoorerj,  and  the  reasons  for  arriving  at  tho  conclusion  attained. 

And  here  the  main  argument  emplojcd  is  still  that  of  analogy,  and  Ci;\fi  msAxi  \st(^Q&i> 
rest  on  the  tLCCordance  of  the  past  with  tiio  pToaont.  .-  ^    ■  *i 
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To  take  the  cases  nearest  our  own  times,  who  is  not  aware  of  the  fiict  that  the  hones 
of  the  beaver,  the  wolf,  and  of  many  animals  now  living  in  other  parts  of  Europe  are 
constantly  met  with,  and  that  these  creatures  must,  not  long  ago,  have  inhabited  the 
British  islands?  The  progress  of  civilization  may,  it  is  said,  have  produced  this 
partial  and  local  extinction.  Let  it  be  so ;  but  what  is  the  case  with  regard  to  other 
animals,  such  as  the  great  Irish  elk  ?  This  animal,  of  which  the  perfect  skeleton 
has  often  been  found  in  the  bogs  of  Ireland,  cannot  have  lived  in  the  country  where  we 
find  it  without  having  been  observed,  and  yet  we  have  no  record  of  its  existence  as  a 
living  animaL  It  is  quite  gone — ^the  last  of  its  race  has  died,  and  left  only  a  few  frag- 
ments for  us  to  put  together,  in  order  to  show  how  great  the  changes  have  been  even 
since  the  surface  of  Irebmd  and  tiie  Isle  of  Man  could  afford  food  and  shelter  for  these 
giant  animals.  Smaller  deer  arc  still  in  the  British  islands ;  the  rein-deer  and  the  elk 
still  tread  the  frozen  plains  of  Lapland  and  the  forests  of  North  America ;  but  this  most 
gigantic  of  the  deer  tribe  is  gone,  although  not  without  leaving  sure  marks  of  its  former 
prevalence. 

Without  dwelling  any  further  at  present  on  these  examples,  let  us  consider  another 
also  of  great  interest,  in  which  we  have  not  merely  the  dry  skeleton,  but  the  very  flesh 
and  skin  of  an  ancient  inhabitant  of  northern  Europe. 

In  the  wild  desert  plains  of  Siberia,  dose  to  the  arctic  circle,  many  miles  nofrth 
of  the  last  traces  of  arborescent  vegetation,  and  where  perpetual  frost  binds  together 
into  a  rock  those  gravelly  heaps  which  in  England  and  northern  Europe  are  loose 
and  shingly,  there  are  foimd,  from  time  to  time,  the  bones  of  animals  which  once 
inhabited  that  district.  And  what  arc  these  animals  r  Are  &ey  the  progenitors  of  the 
wolves,  the  dogs,  the  foxes,  the  bears,  which  are  now  the  only  creatures,  except  man, 
who  disturb  such  solitades  ?  Do  we  find  occasionally  a  straggler  from  the  still  more 
glacial  dimates  in  die  vicinity  ?  By  no  means.  These  frx>zen  gravel  cli£&  of  the  icy 
sea  are  partly  made  up  of  the  bones  of  elephants,  of  diinoccroses,  of  hippopotamuses, 
and  of  such  Hbp  tminiftliij  in  incredible  abundance. 

For  very  many  years  whole  cargoes  of  ivory  have  been  bron^  annually  from  these 

store-houses,  and  most  of  the  ivoiy  used  in  the  beautiful  German  carvings  of  the  middle 

ages  was  derived  hence.    Here,  then,  it  would  seem  probable  these  animals  must  have 

lived,  for  their  boDes  are  not  broken  or  injured  by  rolling,  and  have  certainly  not  been 

i   carried  £ir.    Bat  fliis  is  not  all,  nor  is  it,  perhaps,  the  most  extraordinary  fact  with 

:   regard  to  this  subject,  lor  it  is  not  many  years  since  the  entire  carcass  of  an  elephant 

I   was  obtained  from  these  cli£^  the  flesh  having  been  preserved  in  a  sufficiently  undecom- 

'   posed  state  to  serve  as  food  for  wild  animals,  and  a  part  of  the  skin,  hair,  and  woolr-for 

I   this  creature  was  warmly  dad— in  such  a  state  of  preservation  that  they  were  transported 

!   with  the  skdeton  to  the  museum  of  St.  Petersburg.     Since  then  many  such  carcasses 

i   have  been  discovered,  and  for  a  few  hundred  pounds  it  i»  said  that  we  mi^t  now  bring 

i   to  England  an  elephant  tiius  preserved — one  of  the  ancient  inhabitants  of  Xorthem 

,  Europe. 

i         Kow,  when  we  look  at  the  carcass  of  the  animal  thus  handed  down  in  a  perfect  st«te, 
.   we  find  that  it  does  not  exactly  agree  with  any  of  those  at  present  living  on  the  ^obe. 
The  difleroices,  indeed,  arc   not  considerable,  and  are  evidently  such  as  would  fit 
the  animal  better  for  the  conditions  of  its  abode  and  climate  as  well  as  food.     There  is  j 
adaptation  in  every  part  of  every  akdeton,  and  the  principle  of  adaptation  of  parts  is  | 
'  that  <mwhkh  the  comparative  anatomist  and  imturalist  must  WQik  to  obtain  any  general  j 
j  results  in  this  science.  i 
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Each  port  of  every  animal  is  admirably  fitted  to  work  with  oyory  other  part  in 
producing  the  adaptation  of  the  whole  to  the  peculiar  necessity  of  the  creature.  This 
is  a  fact  well  proyod  by  a  thousand  examples  daily  before  us,  and  it  is  uniyersally 
and  minutely  true. 

Since,  then,  we  find  that  there  are  certain  animals  different  f]X)m  the  present  inha- 
bitants, but  whose  remains  are  found  under  circumstances  which  render  it  clear  that 
they  formerly  inhabited  a  giyen  district ;  and  that  these  animals  are  at  present  un- 
known upon  the  earth,  the  first  step  is  gained  towards  a  knowledge  of  the  history  of  extinct 
species.  But  there  is  another  point  to  bo  considered — ^the  representation  of  the  present 
nces.  This  I  might  illustrate  by  reference  to  the  Irish  elk,  or  the  elephants  of  Sibe- 
ria, but  I  prefer  taking  a  more  striking  example. 

In  New  Zealand  there  exists  at  present,  although  it  is  now  rare,  a  small,  wingless 
bird — not  like  an  ostrich,  but  absolutely  wingless,  and  coyered  with  hair.  This  animal 
is  called  the  apteryx,  and  was  the  largest  animal  found  in  New  Zealand  at  the  time  of 
its  discovery.  In  the  island  of  Mauritius  there  appears  to  have  formerly  existed  a 
curious  windless  animal^  about  the  size  of  a  turkey,  called  the  dodo ;  and  the  beak 
and  feet  of  this  animal,  as  well  as  a  drawing  of  it,  are  preserved  in  the  British  Museum. 
No  living  dodo  has,  however,  been  seen  in  modem  times. 

In  the  island  of  New  Zealand  there  are  also  found,  in  the  gravel,  some  fossil 
bones  neajiy  as  large  as  the  thigh  bone  of  an  ox ;  and  on  careful  examination  of 
the  bones  found  in  this  gravel,  a  niunber  of  species  of  wingless  birds  have  been 
finmed,  "irhich  exhibit,  in  regular  gradation,  a  series  of  animals  of  various  sizes, 
more  ox  less  like  the  apteryx,  all  wingless,  but  the  largest  of  them  much  more  gigantic 
tiian  any  ostrich.    There  is  here,  then,  a  distinct  representation  in  time. 

Vam  of  Fossils  in  Geology.— We  have  next  to  consider  what  is  the  use  of  these 
fossil  remains  to  the  geologist. 

It  will  have  been  seen  that  in  the  crust  of  the  earth  there  arc  a  number  of  layers,  or 
beds,  one  over  another,  and  if  these  contain  the  remains  of  animals  or  vegetables  in  any 
abondance — ^if  the  remains  are  so  placed  that  they  involve  of  necessity  the  gradual  for- 
mation of  these  beds  during  successive  generations  of  animals—there  result  two  great  con- 
dnaions  bearing  on  geological  investigation :  first,  that  each  bed  must  have  been  formed 
sqiaratcly  by  itself^  and  before  any  of  the  others  were  placed  upon  it ;  and  the  more  there 
appears  to  be  any  distinct  group  of  fossils  or  mineral  character  peculiar  to  a  bed,  the 
more  is  this  truth  made  manifest.  But  it  is  also  seen,  in  the  second  place,  that  beds  thus 
fbnoed  must  have  required  a  long  period  of  time  for  their  elaboration,  and  that,  if  this 
is  the  case,  even  with  regard  to  one  bed  of  moderate'  thickness,  it  is  still  more  so,  when 
▼e  consider  the  vast  number  and  great  thickness  of  the  beds  presented  to  our  notice. 

The  use  of  fossUs,  in  geologicid  investigations,  is  thus  very  considerable.  They  tell 
OS  of  time  elapsed,  as  well  as  mechanical  changes  effected,  and  of  conditions  of  exist- 
ence of  animals  and  vegetables  dilbrent  from  the  present.  They  are  also,  by  their 
specific  character,  by  their  mode  of  grouping,  and  by  the  succession  observable  with 
regard  to  them,  characteristic  of  {geological  formations.  They  are,  in  fact,  the  very 
hieroglyphios  of  nature,  marking  the  condition  of  the  earth  at  the  time  and  place  of 
their  deposit ;  and  thus  they  are  tho  true  materials  from  which  we  deduce  the  earth's 
history.  ^ 

But  fossils  are  much  more  than  mere  indications  of  the  history  of  the  time  to  which 
they  refer.  They  themselves  express  the  very  language  of  nature  *,  tKe^  \)e«x  qa\.\]a^^ 
direct,  and  unquestionahla  teBtimony  to  the  course  of  nature ;  and,  wliein^xo^^fV^  <^ii^ 
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Nidrirud,  they  exhibit  distinct  jn-oof  of  a  long  series  of  successive  creations,  charaotexizing 
diff<T(*nt  epochs  in  tho  earth's  progress.  Viewed  in  this  light  they  heeome  the  groimd- 
work  of  correct  gooloflcal  classification,  and  every  successive  advance  in  our  know- 
ledgo  of  thoin  proves  how  safely  and  truly  they  may  act  as  our  guide  in  this  rei^ct. 

Hucli  is  their  value  in  geology ;  hut  the  hearing  ofiMa  subjeet  of  extinct  sgecaea  on 
natural  history  generally,  as  it  rofors]^to  living  forms,  is  no  less  real  and  no  less  impor- 
tant. Fossils  af!brd  numerous  links  in  the  great  chain  of  organized  beings ;  they  e^lain 
(UlAeuUieu  otlicrwiso  inexplicable ;  they  suggest  reasons  and  causes  for  the  most  un- 
usual variations  from  tho  ordinary  course  of  nature ;-  and  they  teach  us  the  important 
trutli,  that  throughout  all  time  there  has  been  a  perfectly  uniform  plan  pursued  in  the 
oonMtruotiou  of  tlio  world,  and  its  adaptation  for  suooessive  races  of  beings,  but  that 
this  plan  has  admitted  of  innumerable  modifications  in  the  mode  of  canying  it  out,— all 
evidently  and  admirably  adapted  to  changing  ciroumstanoes. 

But  tho  one  principle  involved  in  the  whole  subject  of  fossils— the  means  by  which 
wo  dcternnno  their  natun>,  ond^diseover  the  value  of  the  evidence  they  yidd— ^  stSl 
derived  fri*»m  tho  stxidy  of  existing  nature. 

No  new  iu*iueiplo  is  introduced— no  new  or  different  method  diseovered ;  natun  is 
stillt  in  all  ossontial  points,  the  same,  and  has  been  the  same  throu^out  all  time.  All 
that  wo  oan  know  with  certainty,  "with  regard  to  the  past,  is  derived  finom  the  study  of 
tho  pit^ont,  and  we  an>  confident  of  the  truth  of  the  histary  [these  fossils  teadb.  us, 
beeauso,  and  only  because^  that  history  does  not  involve  any  oonsideratians  thatdistmb 
tht>  harmixnv  and  the  unif^\nnity  of  action  of  the  great  laws  of  orgsnie  exiatonce.  It  is 
impossible  tiH>  ooraostly  i.>r  too  forcibly  to  impress  on  the  reader  the  importance  of  this 
view  vxf  tho  ease,  t^>r  it  is  only  by  comprehending  the  nature  of  the  aignmcnt^  and  per- 
0<>iY\ivg  its  firm  and  sound  basis,  that  the  tnie  value  of  geological  conchiaians  is  imder- 
*tvHHl»  and  tho  standard  obtained  by  which  to  measure  them. 

The  u^'  of  fixs^sils  in  geology  being  thus  limited  and  eleariy  defined,  a  large  part  of 
tho  Si^ieiH^e  of  palaxmtQlog}\  or  the  study  of  the  old  and  now  extinct  races  (wAaiMr 
*nrr^t¥  \97«s«  on  account  of  ancient  organisms),  reverts  to  zoology  and  botany,  andoenes 
to  belong  pro\>eriy  to  geology. 

lIorv\  OS  in  vartous  departments,  geology  makes  use  of  generalixatkms  obtained 
tVv>m  other  »oicni\n» ;  and  tiie  stady  and  detenttiD:iti<»i  of  aH  fecial  details  most  be 
n^^nxxl  to  the  naturalist  who  pursues  that  partieular  branch.  The  doubtful  ninenl 
mu^  bo  auatvzed  by  the  chemi;st«  or  mieasured  by  the  crrstaHograpiier ;  and  the  doiditfid 
bone  otr  $hoII  examined  by  the  compaiatiTe  anatcmist,  or  tite  eonchologHL  Bnt^ 
^\>l^^i*t»  receiving  $ound  infbrtnatioB  ftom  a  sisWr  scienee,  brings  it  to  bear  on  bis 
owtt  ptu-^utt^  and  is  thu3  enabled  to  identi^  asul  compare  rocks  found  in  distnt 
land»s  :iud  also  to  understand  and  translate  the  dark  pages  of  the  ear^s  h^tory, 
written  iu  oncanie  fcrms*  whieh  thus  represent  a  true  pietore^iuiguage  peen&or  to 
hi*  3^'icuvv. 

The  «^uei^>n  of  clai5;«iJtieation  in  geology  is  perhaps  the  one  in  which  tixe  nae  of 
ft>6sii^  ii^  uio:^  marked^  jLnd  it  depends  on  ^  grouping  of  ;immnlfi  and  &e  diskn- 
bution  of  grv>u;>s  lu  epuchi>  as  already  alludt*d  to.  It  requires,  also*  that  we  ^onld  loider- 
:)tattd  the  ueee^ty  of  a  lapise  of  time  S9  large*  that  many  readers  will  think  it 
v.\\»X!iva^>jiuxt  and  ujireoijomible  co  aceouiit  for  observed  phenomena  in  i  radunal  itmnmw. 

lt>  however,  it  i:>  true*  as  has  been  :$tsfeed,  and  is-  now  weU  knuwn  by  the  most 
iOeisive  prooi;  that  roeks  contain,,  in  ^smah  abttm&mee  as  o^twi  t»  b«  ontxRly  eanatraEied 
of  dkeuu  fi^agtnents  of  ?*i»t'nfwJft  and  Tegetablfis»  and  tfaafe  soch  fimgmaniB  are 
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not  in  mero  heaps,  but  at  a  oonstituont  part  of  mountain  masses,  many  thousand  feet 
thick; — if,  on  propor  examination  and  comparison,  there  ore  found  to  bo  marked 
diffierenees  of  stnioturo  peculiar  to  cai'h.  group ; — ^if^  also,  the  study  of  those  yarictics 
teaohes  that,  although  countless  multitudes  of  animals  and  races  have  lived  and  died, 
fhcore  haa  not  been  any  essential  di£forcnce  in  plan  from  that  now  followed  with  refer- 
enM  to  our  earth ;— if  we  find  that  of  these  similar  yet  distinct  groups,  however 
nameroua  they  may  be,  each  one  requires,  as  fiir  as  wo  can  judge,  a  long  time  to  com- 
plete and  disidaco^ — then  must  wo  conclude  that  the  system  of  this  world  on  which  we 
Uye  is  one  not  only  of  inconceivable  magnitude  and  most  complicated  detail,  but  that 
its  history  runs  over  a  period  which  no  imagination  can  conceive,  but  which,  vast  and 
almost  without  limit  as  it  may  appear  to  us,  is  yet  to  be  regarded  as  a  definite  and 
perhaps  a  small  portion  of  a  system  larger,  ond  still  of  more  considerable  duration. 

I«w  of  IMstiibutiaa  of  Oxganic  Beings.— When  wc  endeavour  to  form  a 
distinot  conception  of  what  might  happen,  during  a  long  period  of  time,  by  the  con- 
tinued action  of  causes  of  ohango  whose  present  amount  admits  of  any  estimate,  there 
would  seem  no  great  difficulty  in  calculating,  by  simple  multiplicaticm,  the  possible 
results  that  might  be  attained.  Wlicn,  however,  wc  introduce  into  the  problem  various 
ocHDoplicataona  inTolved  in  considering  the  mutual  influence  of  nnimnls  and  plants  on 
eaoh- other  and  on  climate,  and  stiU  more  when  we  consider  the  inverse  problem  of  the 
iaflnence  of  change  of  dimate,  without  change  of  place,  on  the  various  natural  tribes, 
we  require  to  make  a  different  series  of  observations,  and  to  comprehend  and  apply  dif- 
ferent methods  of  reasoning. 

The  effect  of  the  lapse  of  time  on  tho  various  races  of  animals  and  vegetables 
inhabiting  our  earth,  is  not  to  be  determined  by  any  observations,  however  minute,  of 
any  one  individual ;  and  being  mixed  up  wiih,  and  affected  by  many  influences,  pro- 
daced  by  modifications  of  climate  ond  other  physical  modifications  constantly  going  on 
aioond  us,  this  department  of  science  was  altogether  neglected,  until  the  great  discovery 
was  made,  that  the  remains  of  animals  found  fossil  belonged,  for  the  most  part,  to 
unknown  species,  nearly  allied  to,  but  unquestionably  distinct  from,  those  now  existing. 
This  naturally  directed  the  close  attention  of  naturalists  to  the  determination,  as  for  as 
possible,  of  the  causes  and  conditions  of  change. 

The  study  of  the  habits  and  structure  of  existing  animals  and  vegetables,  with 
reference  to  their  actual  adaptation  to  special  conditions,  seems  to  be  the  first  step  in 
making  out  the  question  at  issue ;  and  tho  method  of  analogy  discovered  to  be  appli- 
cable in  recent  cases  may,  with  some  degree  of  reason,  be  applied  to  determine  the 
aneient  succession,  if^  on  discovering  its  true  nature,  we  perceive  that  it  is  based  on  the 
uniform  action  of  some  general  law. 

Something  of  this  has  been  already  alluded  to,  when  speaking  of  the  recognised 
piinciple  of  representation  in  existing  nature.  The  reader  need  only  be  here  reminded, 
that  in  distant  countries,  with  climates  somewhat  analogous,  and  in  important  respects 
similarly  characterized,  there  'arc  plants  and  animals  neai'ly  allied  to  one  another,  but 
not  identical,  although  performing  the  same  part  in  nature ;  whilst  under  other  cir- 
cumstances there  are  resemblances  in  appearance,  and  in  some  important  general 
characters,  without  any  distinct  alliance  or  affinity. 

It  was  also  mentioned  that  this  law  of  distribution,  as  fur  as  it  can  be  determined, 
is  equally  applicable  in  vertical  and  horizontal  space ;  in  other  words  that  height  above 
or  depth  below  the  general  level  of  the  sea,  as  it  is  accompanied  by  a  change  in  climatal 
condition,  and  a  diminution  of  mean  temperature,  is  also  characterized  by  a  change 
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of  iiihabitants  resembling  that  observed  in  countries  having  a  different  and  a  higher 
latitude,  or  in  colder  seas. 

In  order  to  understand  fully  the  conditions  on  which  depend  the  prevailing  character 
of  the  flora  and  fauna  of  a  spot— or,  in  other  words,  of  the  races  of  vegetables  and 
animals  found  there,  we  must  take  into  account  all  the  circumstances  that  affect  these 
organic  bodies.  It  is  not  alone  the  climate  that  affects  them — far  less  is  it  the  mere 
temperature.  The  distribution  of  the  temperature,  the  degree  and  distribution  of 
moisture,  the  quantity  and  distribution  of  light,  heat  and  air,  the  nature  of  the  soil, 
the  form  of  the  land,  and  a  thousand  other  conditions,  all  have  influence ;  and  it  is  also 
well  made  out,  that  in  many  cases  when  a  change  takes  place  with  regard  to  one 
important  species  of  animal  or  vegetable,  the  whole  condition  is  altered.  In  applying 
oiu:  knowledge  of  recent  natural  history  to  the  past,  it  may  be  said,  as  a  preliminary 
remark,  that  "  the  definite  notions  which  we  may  attain,  concerning  the  general  plan  of 
creation  by  the  study  of  fossils,  are  only  valuable  so  far  as  they  can  bear  comparison 
with  observations  concerning  existing  nature  and  the  present  condition  and  relaticms  of 
organic  and  inorganic  matter."*  It  is  in  carrying  out  this  view,  and  in  connecting  the 
present  course  of  nature  with  the  past  as  determined  by  important  existing  records  d 
species  now  extinct,  that  we  are  able  to  discover  the  nature  of  that  system  of  represai- 
tation  and  apparent  succession  which  appears  to  afford  the  only  key  for  the  solution  of 
the  innumerable  difficulties  presented  in  investigating  the  relations  of  species,  some  of 
which  arc  nearly  allied  to  each  other,  but  not  analogous — others  strictly  analogous,  bnt 
having  no  affinity. 

Ixwking  around  us  at  the  animals  and  vegetables  now  occupying  the  land  and  waters 
in  the  eastern  portion  of  the  northern  hemisphere,  and  comparing  these  wilii  the 
inhabitants  of  the  corresponding  parts  of  America,  this  principle  of  adaptation  may  be 
in  some  degree  appreciated  by  every  one.  But  we  must  learn  much  more  than  is 
known  at  present  concerning  the  powers  of  endurance  and  adapta^on  of  different  races, 
before  we  can  positively  assert  the  extent  of  change  that  would  be  produced  by  any 
slow  but  important  modification  of  climate. 

A  knowledge  of  the  differences  observable  in  the  inhabitants  of  distant  spots  will 
assist  in  this  investigation ;  and  v»"c  may  perhaps  conclude  that,  whatever  the  law  of 
analogy  may  prove  to  be  at  present,  the  safest  and  best  course  must  involve  the  hypo- 
thetical application  of  the  same  principle  to  the  geological  problem,  before  any  other 
theory  can  be  admitted  as  worthy  of  consideration. 

If  we  take  a  limited  district,  characterized  now  by  certain  botanical  and  zoological 
peculiarities,  and  apparently  the  centre  or  metropolis  of  certain  species  which  are  there 
presented  in  their  most  typical  form,  there  may  exist  immediately  beneath,  if  not 
actually  upon  the  surface,  remains  of  vegetables  and  animals  presenting  on  the  whde 
a  different  aspect — ^remains,  too,  which  we  can  discover  to  have  been  the  inhabitants  of 
the  district  at  some  immediately  antecedent  period.  We  may  find  very  nearly  the 
same  difference,  if  we  compare  this  district  with  some  other  at  a  distance,  or  with  one  in 
which  the  conditions  of  temperature  are  widely  different,  in  consequence  of  the  land 
being  at  a  higher  level  above  the  sea,  although  in  the  same  latitude.  And  this  vi 
what  is  meant,  when  we  say  that  the  various  races  of  animals  and  vegetables  have  been 
distributed  in  time  as  thoy  arc  distributed  now  in  space — changes  arising  fix)m  lapse 
of  time  producing  results  in  reforencc  to  representative  species,  similar  to  those  effectedby 
the  introduction  of  races  adapted  to  similar  conditions,  but  situated  in  distant  regions. 

•  Angted'8"Aadcat'W«t\d,"  I 
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lAvr  of  DeTelopment. — It  has  bocn  long  a  subject  of  speculation  among 
naturalists,  how  far  the  modifications,  by  which  different  species  of  animals  seem  to  be 
derived  one  from  another  (those  of  more  complicated  organization  being  elaborated  in 
course  of  time  from  more  simple  forms),  may  be  really  the  result  of  some  natural  law 
of  development,  and  not  duo  to  successive  creations,  each  requiring  the  exertion  of  a 
special  interference  of  the  Author  of  nature.  Without  at  all  entering  on  a  discussion  of 
this  question  in  the  abstract,  which  would  here  bo  out  of  place,  it  yet  falls  within  the 
proper  limits  of  our  subject  to  make  a  few  remarks  relative  to  this  question. 

The  argxunent  is  thus  briefly  stated.  That  since  it  appears,  from  what  wo  know  of 
natural  history  in  general,  that  the  whole  number  of  varieties  of  form  observable  in 
nstore  pass  into  and  from  one  another  by  gradations  always  very  close  and  sometimes 
obscure  and  hardly  traceable;  since,  aiaOf  many  modifications  of  specific  form  are 
undoubtedly  produced  by  time  and  by  long  exposure  to  special  modifying  conditions ; 
and  since  there  is  a  general  parallelism  and  resemblance  traceable  in  different  groups 
throughout  nature ;  tiierefore  it  is  probable  that  according  to  some  law,  of  which  at 
present  we  know  nothing  more  than  these  supposed  effects,  species  are  capable  of  occa- 
sionally producing,  by  the  ordinary  means  of  succession,  other  species  differently 
organized,  which,  once  established,  occupy  new  ground,  and  become  themselves  the 
starting  point  for  now  changes. 

Now,  so  fisu:  as  geology  is  a  guide  in  teaching  us  the  law  of  succession  of  species, 
this  idea  is  entirely  unsupported,  and  it  would  seem  to  derive  as  little  assistance  from 
the  minute  study  of  existing  nature. 

It  is  indeed  true  that  in  general  the  order  of  succession  in  time  has  been  from  the 
less  to  the  more  perfectly  organized  groups,  so  that  in  the  earliest  periods  of  the 
earth's  history  the  seas  were  inhabited  chiefly  or  only  by  invertebrated  animals,  and 
afterwards  by  fishes.  We  have  no  right  to  assume,  however,  the  total  absence  of 
reptiles  and  mammals  at  these  early  periods, 
for  wo  have  no  positive  evidence  on  the 
subject,  and  the  negative  evidence  is  verj- 
imperfect.  And  with  respect  to  the  invcr- 
tebrata  and  fishes,  it  is  by  no  means  the  case 
that  those  least  perfectly  organized  were  the 
first  introduced.  So  far  indeed  is  it  from  being 
so,  that  amongthe  earliest  known  of  all  created 
bungs  occur  species  referred  to  the  most  highly 
oiganized  group  of  invertebrated  animals,  those 
resembling  the  cuttle  fish  of  the  present  day ; 
▼hilst  amongst  the  articulated  animals  are  the 
trilobites,  provided  with  eyes  as  perfectly  and 
beautifully  organized  as  those  of  the  dragon 
fly.  At  the  earliest  introduction  of  fishes  we 
find  the  voracious  and  highly  organized  tribe 
of  sharks  fully  represented ;  and  another  tribe, 
more  nearly  approaching  the  reptiles,  was 
then  Jhr  more  abundant  than  at  any  subsequent  period,  and  is  now  extremely  rare. 

To  sum  up  this  subject  in  a  few  words,  it  is  only  needful  to  recount  some  of  the 
principal  indications  of  change  at  present  proved  with  regard  to  t\ve  ccni!^\\OTv.c^i^<& 
earth's  sur&oe,  and  the  animal  inhabitants  and  plants  found  in  different  vu:t&  ^ecc^^i. 
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^  It  a])poar8  that  not  only  aro  there  proofs  sufficiently  distinct,  that  the  whole  faoe  of 
■  tho  earth  is  gradually  undergoing  change ;  that  the  hills  are  heing  ground  down  and 
riHlucod  to  a  lower  level ;  the  coast  lines  altered ;  extensive  tracts  of  land  elevated  in 
one  district  and  depressed  in  another ;  hut  also  that  the  inhabitants  of  the^^land  are  like- 
wise undergoing  c-hongo  corresponding,  it  maybe,  with  the  modifications  of  the  land 
and  sea-hottoni ;  but  still,  no  doubt,  governed  by  independent  laws,  and  producing 
most  important  n^siilts. 

VoY  what  do  wo  find  ?  At  no  distant  period,  even  in  our  own  island,  there  was  a 
eouutiy  pwtly  covered  by  tliiek  forests,  partly  abounding  in  caverns,  afibrding  shelter 
to  wiUl  luiimals,  and  tenanted  by  the  lion,  the  bear,  the  wolf,  and  the  hyajna ;  while  an 
t^Iephant,  two  species  of  rhinoceros,  many  cervine  animals,  and  amongst  them  the  rein- 
tliH^r,  and  another  species  of  diH>r,  gigtmtic  in  size,  and  with  horns  expanded  in  still 
grandm"  prv^portions,  together  with  tho  wild  lunis,  now  confined  to  the  forests  of  Eastern 
Kun»po»  and  many  other  nnuinating  animals,  pei^pled  the  plains,  and  wandered  at  liberty 
thrv»iigh  the  tHMUitry.  In  the  rivers,  also,  were  then  found  the  hippopotamus  and  the 
K^aver»  ass^nnatiHl  with  the  otter,  whioh  still  remains.  Ilere,  indeed,  is  a  condition  of 
things  singuhu-ly  unlike  that  which  now  exists,  and  we  may  suppose  it  unequalled 
elsewheiv.  Ihit  such  is  not  the  Ciiso.  At  about  tlie  simie  time,  and  therefore  very  j 
iXH'outly,  comp<u\\l  with  the  distant  |vriods  which  wo  shall  have  to  consider  in  con-  i 
tiuuinir  our  investigations,  the  ixnmtry  which  is  now  India  was  peopled  likewise  by  a 
gixnip  of  animals  ditf^^n^nt  from  tho  pn.\kmt  races. 

lu  South  Amoricu  the  tilbo,  of  which  tiie  sloth,  the  armadillo,  and  the  ant-eater  arc 
all  that  now  rv^naiu,  was  then  n.^pn^s<^ntod  by  the  megatherium,  tho  glyptodon,and  others. 
In  Austiulia  wv^ro  gigt\utic  kanganx^;  iu  Xew  Zealand  oiiually  gigantic  wingless 
binls ;  tmd  pn.>baWy  iu  v^ther  parts  of  the  world  similar  strange?  modifications.  And 
tht\^^  an*  tho  tlrst  stem's  in  ^Kissing  fi\>m  tho  pros<^nt  to  the  past.  These  steps  are 
s».»  ch^irly  marktxU  thoy  boUuig  to  a  ivrivni  comi^wrativeh-  so  modem,  yet  at  the  same 
time  thoy  iuvMtw  vhange^  s<>  ^.vnsidorablo,  that  it  seems  ahm»t  equally  difficult  to 
admit  th«>  •OMdttiioiiis  which  inmiovliately  result,  or  to  question  £icts  so  exceeding 
mauifoflit*  Aad  rvt  these>  stzwoge  «s  thoy  are  and  diffiotzlt  to  comprehend,  are  yet  only 
tho  tlnl  tiid  &i>  siaiplest  steps  in  i^xdogy.  i'hiv.'e  laxmohed  into  the  science,  and  when 
wo  hRW  iMarMNl  ti>  tfuatomplate  it  in  its  simplii-ity  and  grandeur,  as  the  history  of 
uatuw-ft«tt  ib^  Ve|ttMDLiii|t  of  the  «adUtouvt.'  of  matter  and  li^,  we  soon  find  that  these 
ohaufiK^  hiwrww  |ei««tt«  «re  hut  the  kst  of  a  very  long  sertes*  e«rh  in  its  turn  inrohing 
tho  ioitrvxluvlMiu  the  aniTx^t  at  luatunty,  and  tho  gradual  but  sure  decay  of  whole 
grvmi^s  v»f  mwirifc-  wid  vegotablos,  no  doubt  perfectly  adapted  to  tho  circnm- 
staaix*^  in  whioh  they  wor^*  plaood — each  th<L»  record,  the  hioroglTphio,  marking  one 
chi^tor  of  tho  htst-ory  ;  and  what  is  ux**:  ruar>-eIIous  of  alL  each  handed  down,  na  spite 
of  nU  ohatt^\  to  v.vmmiLuioato  thbs  Mswrj-  by  Iov:emfc?  adiuitung  of  no  miscoDstrocuon, 
azadt  va^viblo  of  K'iu^  tttily  v.^'mJ^roaou!Jk•d  and  tranflated  into  his  own  htnguage  by  the 
itttelkvc  of  uian. 

Cl»»tiftcation  of  tbe  Stzati&ed  Rodok^Makinj:  u:se  of  i?.>ssils  in  the  nxanxier 
atbov\*  HdMUCed*  and  brlujcing  tv^thor  iho  c«i.ts  observed  in  vartous  parts  ^}i  d£ffi*rent  • 
vvoatirio^t  thrx^u^ouc  :ho  worM  no  ^-jl.I  ^jljl^  tho  *cratifiv."d  nvks  Jidmic  of  bein^  gtwiped,  \ 
tirsc,  jn^  three  wvtt-aotarkec  -^erie^Sv  set»««racv'd  frerti  one  am^cher  by  wry  renuukahle  | 
nsttur:Kl--bu«6Nry  Beeu£biri6io«,  aad*  iJ*erwardsv  that  euca  of  those  tar?o  b*  oiipii!)Ze  of  suh-  1 
dxvtt^oit..  Tenr  discidDCt  txi  pttctieuljar  cotxneries  ami  tueidi»iik  bus  m.tt  ^  <i«i$tly  BoCkcd,  1 
whxm  we  compare  toijcetibier  she  9^*10^  of  placets  wvdely  removed  m  diutaiiee).  w&etikn- 
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of  latitude  or  longitade.  The  throe  principal  groups  of  rooks  aro  now  commonly  spokon 
of  as~l.  the  Palsozoic,  or  older  group ;  2.  the  Segondahy,  or  middle  group ;  and 
3.  the  TbbtiabT)  or  newer  group.  Other  names  are  occasionally  used  by  geologists, 
both  of  this  and  other  countries ;  but  it  is  unnecessary  to  detain  the  reader  -with  any 
aocount  of  them  in  this  place.  The  French  and  Belgian  geologists,  and  sometimes 
others,  admit  of  a  fourth  division,  to  include  more  recent  rocks  than  the  third  group  ; 
but  this  also  seems  unnecessary. 

TABLE  OF  CLASSIFICATION  OF  BOCKS. 

I. — TBBTIAB.T  BPOCII. 

i  Superficial  Deposits. — Haiscd  beaches — ^pcat  bogs— submerged  forests— mud  deposits 
\        in  caverns — shell  marls  and  modem  deltas. 

'  Upper  Tertiary. — Gravel  beds— Till— mammaliferous  crag  of  Norfolk— red  crag— upper 
!        limestones  of  Sicily — subapcnnine  beds — loess  of  the  llhine  valley — ^brown-coal  of 

Germany — ^uppermost  fossiliferous  beds  of  Northern  India  (Kunkur,  &c.).  South 

America,  Australia,  and  other  countries. 
1  XidtUe  Tertiary. — Coralline  crag— upper  molassc  of  Switzerland — ctag  cliffs  of  the  Loire 

and  Garonne — ^tcrtiaries  of  Vienna— numerous  beds  in  India  and  America. 
I  Lower  Tertiary. — London  and  Hampshire  claj-s  and  sands — Isle  of  "NVight  beds — beds 
;        of  the  Paris  basin  and  Brussels— lower  molasse  of  Switacrland —lower  beds  of 
!        Sewalik  HiDs,  India — ^nummulite  and  other  limestones  of  the  Eastern  Mediter- 
I        rancan. 

II.  — SECONDARY   EPOCH. 

Upper SeeamUary^. or- Orttmmm  Sertes.-^l.  Chalk  of  England,  France,  Belgium,  and 
IDamaft,  ^mi^imaS  Italy— 2.  Lower  chalk  and  chalk  marl,  qmdermmistein  of 
IJlper  ^gveaunfl  or  fircstone— 4.  Gault— 6.  Lower  greensand  or 

WmOdm  Snrkt,--!,  Weald  day-^.  HaatingB  sand— 3.  Pnrbeck 
beda. 

6,'Mitie,oa[JunuiicSeriss.—l.  Portland  beds,  and  lithographic  beds 
of  IBBfwda— 2.  Kinmu^ridge  clay — 3.  Coral  rag,  and  nerimean 
Hmettone — i,  Oxford  day— 5.  Combraih,  Forest  marble.  Brad- 
find  dkiy-^e.  Great  ooHte,  Stonesfield  slate,  Fuller's  ^aorth— 
7.  IniSBrior  or  Bath  oolite. 

c.  JAntie  £kri0t.  — 1.  Alum  shale— 2.  Harktone— 3.  Lower  lias 


lower  JSmttuht^yrtK^ymuitiAriei,^!.  TiffpcT  new  red  nndstone,  Jmiper  or  variegated 
miKb— 2.  livMiieftdk  (absent  *in  ^gland) — 3.  Yanegatsd.  aandstones,  Bunter 
sBiulrtein,.or.gres  bigazr^. 

III. — PAL-TJOZOIC   EPOCH. 

Upper  FaUeozoie,  or  Permian  Series. — 1.  Magnesian  limestone — 2.  Lower  new  red 
sandstone. 

Carbom/erout  Series. — 1.  Coal  measures— 2.  Millstone  gritr-3.  Carboniferous,  or  moun- 
tain limestone. 

Devonian^  or  Old  JSed  Sandstone  Series. 

SUnrian  Series. — 1.  Upper  Silurian  (Ludlow  andWenlock  groups)— 2.  Lower  Silurian 
(Caradoc  sandstone  and  Cambrian  rocks). 
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The  subdiTiiiosfl  irQl  be  re&iTcd  to  in  iom«  d^tml  in  the  foUnwin^  pagea ;  and  at 
present  th«?j  apt  ibi^t  pi^n  m  a  tabular  form  for  the  coaTenieibee  of  r&f^ttnce.  In 
tko  far«^m|r  taMe  the  itswv^r  or  more  it^o^ntlj  formed  be^  arc  plaiced  fizst ;  but  it  wiU 
h«  coatiG^iciii  to  begin  the  descriptkai  with  ikf^e  of  oldest  date,  tbna  tiadng  the 
^nh^s  hi$toix  &E>ca  lt£  canatn^neement,  and  passing  cm  by  Etic^ce^Te  stiep«  to  those 
pQtk^  of  more  recent  dme, 

Iiovet  SUuiian  Blocks  and  F^^sils.— Re|K>dagQfL£xj?MHnjeormefat[iorphic 
rckc^  in  irMch  no  tosal  remains  bat"*^  yet  been  fbond,  there  bare  been  tmced  in  TTal^a^ 
CoiahtTland,  tk^  90ulh  of  Scotland,  and  TaruHU  parta  of  InJamd,  in  ^  vest  of  Fiance^ 
th:  niKth-w-e^  of  Spain,  tb^  blandf  and  fihoxe^  of  the  Baltic^  in  Bolu^znia,  in  the  Qartx, 
III  iBAnT  paita  of  cafltem  XcErih  .In^ftrif^  on  tbi?  ire^eni  sidf  and  plateaux  of  the 
fiotiFim  ikiftde^  in  BrasiU  in  Soii^  A&ica.  and  in  Australia  (I},  a  sades  of  rockd,  moi^ 
or  leas  alm^  bt^kanpng  to  the  lome^  ^^t^ilifeioiis  nexie^,  and  oontauuiig  fosdk  iJl 
•HtftifjfiillT  jxmilar  to  justify  ihair  beln^  n^&it^d  to  ihs  same  poiod.  Hie  depoaita  gjB 
cUMr  ma^aixme^  hvit  indnd^  c^t^mT«;  rong^  of  al^e  and  amie  bands  of  Hme^ionC'^ 
bo^  ihic^  azfed  w^M^  ^tem^  ^^yaft  acall  in  pcopiiictiaa  to  dtiur  rode*.  The  €ai^adoc 
suid»  aod  ilsniLiliv  4acs  of  Wak^  the  ^cbigl^  and  psajmnitea  of  Fiane^  and  Belgium, 
t^  WooIbi?pe  anl  Hocdokj  limpitjncs  TmvIod  UBetfoBesi  Focsdam  andatnues^  and 
Angos  il^tas.  afi^  all  T^il  kaovn  and  atm^^  ma^fci^l  de^o^is  of  :hk  petjod.    Th^j 


jwids 


i^iv  a  ii^'^  ^kkM»  Ta*^t^  ^ma  a  #■-  \iad:¥i£  Y^  =»  ^lu^  a$  i:^^ 

pcvantl  'na«r  kvaHiata  t^c9^  t^f^-  ^fT^^^^  ^  liav?  ^adecpaif  Ind  ^:ik  ^aaagc  ainoe 
tbc«7  ^nft  ^t^ii^'«a  1^  Ikii^'vinf 


tOWER  BtLTJEUN   FOSSILS. 


73 


Among  the  fossO  rcmainfl  foimd  in  thcac  ancient  Twkfc,  wliich  havo  gostcrollj  been 
i^giLrd«»d  (thougli  perbiipa  withonl  »ufficiont  rcaaon)  as  those  flrat  formed  uudw  ciiictmi- 
stances  favoumblo  to  organic  oxixtcDcei  majr  bo  mentioned  flmnll  Babes  of  tbo  akitk 
tribe,  a^rcral  genofti  of  th<»  remarkabli!  gFOup  of  trilobitcs,  wome  ^orms,  eomo  stcu- wocds, 
h.  nnmbor  of  etiambered  abf Us  rcaembling  that  of  the  nautilus,  ecTcral  uniyalvp  and 
biralTG  abells,  bct^^  ccbinodeimfl  (frtar-Asboftt  i^G.)f  mid  icycml  of  tbt*  two  prinripal 
groupfl  of  eoral  ajiimala.  Up  to  tJbo  present  time  thu  otbcr  kinik  of  fiiiboie,  and  all 
quadrupeds,  birds,  and  reptilca,  and  it  Inrgc  proportion  of  the  best  kno^ii  and  moit 
abundantl^r  Feprescntf^d  gimenc  Ibtms  of  tbo  inrertobrnt^  animals  bare  not  been 
detected, 

Tbe  trilobitcs  woro  alngulaj  cn!iflta«3oan  animals  iJyiDg  in  the  aufictit  icfis  in 
great  nmnber,  and  capable,  it  would  seem^  of  either  floating  with  their  bucks  do\*Ti- 
wards  from  tb<?  surfaco  of  shallow  wntej-,  or  burying  them»elT<?fl  in  mud  at  the 
bottom.  Some  remarkable  forma  of  them  {F&fttciGja'dc^)  were  apparently  Tc?Ty  eem* 
mon,  and  are  widely  dUtributed.  Among  tlio  mnre  interesting  of  tin?  fossils  are 
miukiiigs  on  sandstonsp  showing  the  exigence  of  m::nne  Wttmii  {Kireihif  crtmftW«**i'«)t 


SfnnTBS  CXmStV-AMllTIE, 


&r;3'[co«MiTES  ^Ta^rQEHis^ 


lacb  u  Hhsm  still  eoen  on  a  aDa-ihore.  Th{]Tio  h  another  fossil  of  a  ain|!;nlar 
itructnre  (Semieomttdea)  ^whieh  appears  to  exhibit  t]u>  earliest  form  of  those  radiated 
uiimak  wbieh  ha^o  sinee  been  largely  dcrolop^  uiidtT  ercry  yariety  of  shape,  and 
ire  it^  represented  on  otit  coasts  by  the  sca-eggj  Bea-urehini  &c.  Lastly ^  the  repre- 
taotsttTca  of  the  nauMlus  {Litttitts)  and  cutOe-flsh  exhibit  some  peculinritiei  of  form^ 
and  fbongh  not  ao  plentiful  m  in  after  times,  are  still  very  eommon  in  ct^rtaiu 
loc!alit!<». 

Many  Tory  oxtensiro  tracts,  occupied  witb  Ijowcr  SEurian  mckM,  haT©  btthorto 
jiclded  no  fossils  whatever ;  in  other  eJiaca  organic^  remains  are  sctremdy  rare,  but 
tliere  ara  many  districls  where  they  are  very  abundant*  In  the  former  ease  the  dcpoeita 
may  have  tnken  place  in  deep  water,  and  in  the  latter  near  shore ;  and  there  is  nothini^ 
to  prove  that  tbe  seaa  were  much  more  eiteuBive  then  tban^  they  arc  now,  altbougb  it 
k  net  improbable  that  they  extended  in  very  different  directions,  " 

The  modifications  and  metamorphosei  of  Lowet'  Silurian  rocks  are  often  vwy  con- 
rider  able,  clays  baving  been  converted  into  slates,  limestones  into  marble,  and  sands 
iaty  quart*  rock.     In  the  crovioca  are  numerous  veins,  often  containing  metals,  and  not 
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imfireqnraitlv  admlxniies  of  metallic  solphmets,  cofitanihig  a  naaked  proportim  of 
gold. 

fFpper  Sil«iiAn  Hirr"^  and  Fossils. — X  tvtt  impwtmt  bsnd  of  Hmestooies 
and  sludes.  Vloiuvig  to  tliis  part  of  &e  senes.  was  fint  deaoibed  br  grRodmck 
Murdiisiim  as  ocenmiur  in  'Wales  and  Slirop6hin>,  and  fonaed  llie  basis  of  a  deacsip- 
tioa.  which  bas  since  becTi  nr-ferred  to  as  the  stardnj-poia:  in  die  seologT  of  the 
vid  iwia.     The  sabdixiaons  there  obsenre^i  are  as  fdlsw : — 

1.  "niestODe. 

C  V]pp>cT  Liidlow  shsle, 

2.  Luil:>v  ^-^?»   \  Ayniestry  limjslosae, 

(  Lower  Ladl?w  shale. 


.  VTeslAi  cr^TSR. 


Of  tbfifie  bt^  »}i.^  2is;&?cAes  ai^  ku^ku  wiib  «::lijrT  rsax;<£r.  aai.  die  sha2es  are  often 
T-anr  <akancOS2<w  so  ca;  ibc  wl^o^  my  be  Tv^nri;^  as  aa  iasj-i^t  sad  depoeil  vhich 
iis  <£s?£  ^m^icrrrcri:  i  v^.tr'g'^,  Wl>frvnrcr  ::  lis  lip>Tieci-:d.  fr^ci  azir  caase,  diat 
r-rriirvYis  <i;^>  :r  vTc:^^  ij:v;  tjiisrc*!.  lifsr  Luve  j^rtisp?  iirrrr.i^ij  siixed  with  the 
<IiiT  iz:i  n"ii-  inl  <£z::^  tL^ru  rj  a  woee^  :i  >;-^:cr^r-T».  caieainECJas  rmids  bare  been 

Eis;:wtju7f  ;^  vV-zjIhS.-in  st&c^  sn  ani£>  pvt^y  iLJoBtf.    l^ias.  i^  Winiiiuhml 
a=>£  I  .tw^Hfeire^  V«^  :d  fizshrater  fiiaiiit  dT  ixlT't:^. 
izii.  idhsiSs  ^^te  Bihivf..  i^adm  CEsaSL  tta?  Irenes:  ji^s  mi' 

kBBF  jbbk^ulI  3a«cbi;asBHfe^  Ijper  Sii:-z:i££xaek5«SBrKL%ai 

«nrnc..    ^GnSsr  sssaoa  1i£T£   ^9aL  imbbLsc  >:ir^  \infraaL 

EastoTL  ATiscaiiia.  _ 

£3ii  Ta2»i    T^ifT  33irJkn^  «T«nriu  -cGfihiTi^  ^  C^ymem  Ss  a  xrciE3xs«iMCBsBr  jwiibmI  ■hk*), 
samf  CTTiutr  wmik  ^  .V«c«tfw>frj/Biofc\  oil  sfvanl  Vi»fV'''T~cx5grssgpg  Taffhrfifl  ammils 

i>sa»)L  Jftmaowfr mV  zn  jitmb  rarvtrr     A  ir.'ag^  (£ idiew  ibs^kis  jesyvs  J^'^ke^iaSkming 

sdmihc-  5f  nm  isatOMal  ^iKtif!:;.  nmzrri&c  ^  Tmagnf;.  Itosoi^  jbi£.  ]K<in& 
HW  ?nmaxns  f if  ^idi^^xrr  Tsrf  ir  mmc  it  ^if  SiLrnria&rn:^ Imt  liasv^OBai 

^  :8nn)f  oistirL'ns  ix:  rnnsianrbHif  (jiiszorr      r^KiN.  ts  l^ndiriv-.  is^  a  ^^h-^wme  ^lelof  Ais 

Tinrijit:;  anc  tsbviciarr^  3l^  flmi>tL.  «inaii^  J/va*!  ^T*?»ai2s  wiLM  imaiL 

Xi^  TTiftinreinag  tt  -Oxi  fTHtemtv  re  rnrcujftt-  it  vj  vfc  'j».»ai:  iBfc  wiiai  si  mds  «f  Ae 

5iiiir!iH!:  «rr  :  no:  "Ua*^  i>  nr  tit;*.!? xhai  iouih  7fani£ai>  imt  nn;  iKmaftor^ 
l»rvG:xixir  ir   ikiuc  ^bas-  hKix:  ^anc  cz  r^  TDni^maosi  s^  w^iT  JtiB 

ibrey  Tniicrtcuiii»t  TJv'is  VauMcd:  nr  ii;iifrwisi   it  cmoatc  wisk  xbctn^  ^w  mnr  worn 
fmoftr^mr  ix>  iiuisnmi'  mirsidhncs:  ibr  ncBrst:  «Q«r  iC  ^  «ira*.  ft^ibcas^Ssswealed 

cdaaiMsiif  IbtacniABum. 


GROUP  OF  UPPER  SILURIAN  FOSSILS. 


76 


TWHTAWrnTT"  «»lClBTlt. 


76  FIRST  STATE  OF  THE  EAKTH. 


Judging  partly  from  the  general  appearance  of  the  yarious  bodies  of  the  solar 
system  and  from  astronomical  considerations,  and  partly  from  the  appearances  pre- 
sented by  the  vaiious  rocks  at  and  near  the  earth's  surface,  it  is  supposed  that  at  a  very 
early  period  of  its  history  our  globe  may  hare  existed  as  an  intensely  heated  body,  in 
a  fluid  or  molten  state,  and  that  it  gradually  cooled  at  the  surface,  perhaps  by  exposure 
in  space,  contracting  in  dimensions  as  it  cooled  and  hardened.  In  this  manner,  it  may 
be,  a  succession  of  thin  solid  films  or  crusts  were  formed ;  each  one,  as  soon  as  formed, 
beginning  to  shrink  and  crack,  until  at  length,  after  a  number  of  such  broken  crusts 
had  been  produced,  a  certain  balance  was  attained  between  the  thickness  of  €tiB  crust, 
the  rate  of  cooling,  and  the  amount  of  internal  heat.  This  would  not  have  taken  place 
until  the  production  of  a  rough,  uneven  surface,  haying  many  cleyations  and  depres- 
sions, nor  until  the  temperature  had  been  sufficiently  reduced  to  allow  of  an  atmosphere, 
and  permit  the  permanent  presence  of  water  reposing  in  the  hollows,  and  forming  seas 
and  oceans.  Until  the  time  when  water  could  exist,  without  being  converted  into 
steam,  we  cannot  imagine  the  possibility  of  any  organic  beings  existing  either  upon  or 
beneath  the  surface,  although  at  any  temperature,  below  that  of  boiling  water,  both 
vegetable  and  animal  life  is  i>ossible,  even  under  the  limitations  with  which  we  are 
familiar. 

Thus,  then,  according  to  this  view,  the  fii-st  period  of  the  existence  of  the  earth,  as 
a  planet,  was  marked  by  a  chaotic  state  of  igneous  fusion,  and  characterized  by  frequent 
disturbances  of  the  surface,  the  effect  of  contraction  during  the  cooling  of  the  successive 
films  or  pasty  crusts  of  oxidized  and  half  solidified  rock.  As  soon,  also,  as  water 
wa>  present,  we  may  suppose  that  its  action  would  be  exerted  in  grinding  down,  and 
depositing  in  a  meclianioal  form,  the  d:tritus  of  the  older  and  igneous  rocks ;  and  in  this 
way  we  seem  best  able  to  account  for  the  nearly  uniform  character  of  the  ancient 
granitic  rocks,  and  those  most  diioctly  associated  with  them  in  yarious  distant  parts  of 
the  globe. 

In  the  mechriuioal  rocks  derived  from  the  early  granites,  we  have,  therefore,  a  second 
epoch  of  t!io  earth's  history  still  unmarked  by  life,  although  apparenUv  somewhat  better 
fitted  for  sustaining  it.  At  this  time  the  earth  was  no  longer  a  mere  chaotic  mass  of 
cracked  and  burnt  rock;  but  there  existed,  superimposed  upon  that  mass,  extensive  and 
thick  layers  of  material,  which,  although  derived  frt)m  granites,  contained  most  of  those 
elements,  both  gaseous  and  solid,  by  certain  new  combinations  of  which  animals  and 
vegetables,  when  once  endowed  with  life,  are  enabled  to  perform  their  functions,  and 
render  inanimate  matter  available  for  all  the  purposes  of  living  beings  of  higher 
orsT.mization. 

One  of  the  most  remarkable  facts,  with  regard  to  these  ancient  deposited  rocks,  is 
their  extraonlinar)-  thickness  in  some  districts,  and  the  broad  tracts  over  which  they  arc 
occasionally  spread.  It  is  not,  indeed,  very  difficult  to  see  why,  when  the  granite  and 
granitic  rocks  were  newly  formed,  and  presented  a  multitude  of  recently  fractured 
edges  in  every  direction,  the  pounding  action  of  moving  water,  peihaps  at  a  big^  tem- 
perature, might  not  grind  down  the  exposed  siuiace  with  extreme  rapidity,  and  filling 
up  the  hoUows  and  depressions,  produce  extensive  deposits.  But  we  can  hardly  suppose 
the  existence  of  depressions  so  considerable  as  the  actual  thickness  of  these  altered 
rocks  would  require,  and  it  is  more  reasonable  to  assume  that  during,  and  in  const- 
qxienco  of,  the  gradual  cooling,  the  contraction  of  the  crust  would  produce  puckering 
and  wave-like  plications  of  the  surface,  alternately  devating  and  depressing  particular 
districts,  and  occasionally,  perhaps  producii^  a  succession  of  elevations  or  depressions 
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on  the  same  spot.  Whether  this  were  so  or  not,  it  is  at  any  rate  probable  that  these  old 
sedimentary  masses  may  haye  been  exposed  to  the  action  of  long-continued  heat  in 
many  cases,  so  that  they  have  become  actually  crystalline ;  and  they  have  also  been 
often  cracked  and  broken  into  firagmonts,  the  cracks  being  filled  with  rocks  of  a  different 
kind.  In  addition  to  these,  there  haye  been  produced  a  yast  niunber  of  other  changes ; 
some  of  them,  it  would  seem,  inyolying  a  considerable  lapse  of  time,  others  yast 
mechanical  force,  and  others  again  great  chemical  action,  connected  with  an  important 
deyelopment  of  dectrical  and  polar  forces. 

These  lowest  and  oldest  of  the  sedimentary  strata,  whoso  antiquity  is  in  many 
places  unquestionable,  which  repose  on  the  bare  skeleton — the  rocky  framework  of  the 
earth — thus  occupy  a  fixed,  a  prominent,  and  an  important  place  among  the  rocks  of 
which  the  earth's  crust  is  made  up.  They  also  mark  a  strange  and  dark  passage  from 
that  state  which  has  been  mentioned  as  chaotic  to  a  condition  of  regular  and  quiet 
deposit ;  they  are,  howeyer,  so  far  as  we  can  tell,  and  with  reference  to  other  rudi- 
mentary rocks,  azote  (lifeless) ;  but  they  form  a  class  almost  as  widely  spread,  and  as 
distinctly  uniyersal,  as  the  granitic  rocks  themselves. 

We  suppose,  therefore,  that  at  the  end  of  the  first  great  period  of  the  earth's  history, 
it  existed  as  a  globe,  perhaps  of  somewhat  larger  dimensions  than  it  is  at  present,  but 
stiill  partly  coyored  by  water,  and  surrounded  by  an  atmosphere.  Of  the  land  that  rose 
aboye  the  surface  of  the  water,  some  portion  even  then  exhibited  a  distinctly  stratified 
appearance,  and  the  thick  masses  of  strata  rested  on  huge  bosses  and  peaks  of  granitic 
rock  newly  forced  up  by  constant  heayings  of  the  liquid  fire  beneath.  On  their  surface, 
howeyer,  all  was  then  bare  and  desolate — not  a  moss,  not  a  lichen  covered  the  naked 
framework  of  the  globe ;  not  a  sea- weed  floated  on  the  broad  ocean ;  not  an  animalcule 
was  present  in  the  whole  of  the  wide  expanse — all  was  still,  with  the  stillness  of  absolute 
death.  The  earth  was  prepared,  and  the  fiat  of  the  Creator  had  gone  forth ;  but  there  was 
as  yet  no  inhabitant,  and  no  form  of  life  had  been  introduced  to  perform  its  part  in  the 
great  mystery  of  creation. 

There  was,  however,  we  may  be  assured,  no  long  interval  between  the  moment  when 
organic  life  could  exist,  and  that  in  which  various  tribes  were  introduced,  adapted  to  the 
peculiar  conditions  of  the  land  and  water.  The  early  Silurian  animals  already  alluded 
to  were,  it  is  supposed,  among  the  first,  if  not  the  very  first  created ;  and  among  the 
groups  already  known,  we  find  that  tribes  exhibiting  the  lower  degrees  of  organization 
generally  preponderate  so  far  as  to  be  really  characteristic.  Thus,  for  example,  in  the 
lower  Silurian  rocks  are  described  some  fucoids  or  sea-weeds,  not  a  few  plant-like 
animals,  scarcely  removed  from  the  sea- weeds  in  point  of  organization,  a  few  corallines, 
and  some  stony  corals,  together  with  a  vast  multitude  of  encrinites,  or  stone-lilies,  and  a 
few  straggling  star-fishes.  The  present  crustaceans  (crabs  and  lobsters)  were  represented 
by  the  trilobite,  the  pretty  sea-shells  found  on  our  coasts  by  the  sluggish  terebratuhe, 
and  the  most  voracious  of  the  fishes  by  the  nautilus  and  cuttle-fish,  or  at  least  by 
nearly  allied  animals  of  this  kind,  some  of  them  of  very  large  size.  The  genera  now 
common  were  then  rare — some  of  those  now  rare,  were  then  common ;  but  most  of  the 
generic  forms,  and  all,  without  exception,  of  the  species,  resembled  existing  animals 
only  by  analogy.  Quite  at  the  close  of  the  period,  and  not  till  some  thirty  or  forty 
thousajnd  feet  of  strata  had  been  deposited  in  one  spot,  a  few  fishes'  remains  appear, 
but  they  nowhere  seem  abundant.  They  were  very  small  in  size,  but  ferocious  and 
predaoeous  in  their  habits,  and  allied  to  the  present  shark  tribe. 

It  «ppeBn,  then,  on  the  whole,  that  almost  all  the  great  natural  groups  of  inve:  - 
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tolirnip  nniiniUM  nnil  iUlwn  wcro  roprosontcd  ia  thcso  cailiost  bed%  and  oommenced  iheir 
( 'iu}'f*n  oil  tho  ORi'tii  nt  thu  same  timo  as  tho  most  minute  sea-wecdB  and  zoophytes. 
'lUnv  in  iiDwIirro  niiy  nppoaranco  of  progreaaivo  improYoment — tlie  enennite  succeeding 
\\w  (Hirnl  mitninl,  tho  trilobito  coming  in  at  tho  close  of  the  enorinite  period,  the 
Utrplitniiitti  BUPoiHuUng  it,  luul  odiiiscd  in  its  turn  by  tho  nautilus.  The  whole  number 
\rv\v  <>oiit(Miip(irnntH>tiHf  and  fi)rinod  n  group  doubtless  adapted,  in  the  best  possible  way, 
i'ur  tho  (MintUlion  oi  tbu  oiirtli's  (surface  at  that  time.  The  difiSBrence  of  organization 
pn'mmUMt  liy  (hoHO  uiiiuuiK  M'hcn  compared  with  those  now  living,  is  also  small,  and 
\vr  tnv  tiot  »t  hU  jii-iUticKl  in  assiuuiug  a  higher  or  more  uniform  temperature  to  have 
I'jiidttMl,  or  thut  (Jun^>  woei  a  muiv  widely  extended  sea,  a  different  atmosphere,  or  other 
uuMliUoAtion«>  boyiuul  thiuM'  nuulily  producible  by  changes  in  the  relative  position  and 
oM\  tU  of  Inud  m\k\  i^xHU 

Noithi>r  dooM  tho  uU«ouoo  iif  eortaiu  races  of  animals,  which  in  later  times  were 
niiu>ti|r(*t  tUo  )n«vtt  uuuuM\nis«  lo»d  to  the  oimclusion  that  any  very  different  oonditions 
o\i«tvvi  \\\  tho  uuoieut  ;*«  a  tWm  tlu>^^  now  obtaining,  nor  would  their  mere  absence 
»';\.\t\lo  un  to  Uniu  rtUY  uv»tion  of  the  cau;$<\  It  is  because  we  find  a  number  of  animals 
m«»ulV<ti>-  '\>"VJCv-AiJ^^tv»  tiud  ovivloutlv  tiiUptcd  to  iKarform  the  same  pait  in  creation  as 
thsM*^  wo>*  oM^liu^*  lU»t  we  fully  skv  ihe  nacurv'  of  this  difference. 

^^t«lU  )V^  vU^ubu  tUe  \\>uvUti«m  vxf  thx^  Silurian  o^.'oan  would  have  a  strange  aspect. 
\V\\t\  'vkHi^.^tlu^Vi:  \vf  i\*^uiUauvH>  tv^  the  ui\Kiom  $<\9kSv  in  the  numerous  ree&  and  islandat  of 
nnm\U  vn>4i»^^\Cv^v  riM;^:  tv^  tW  vr;i;vrV  v\i^\  Aud  then  soon  destroTed  by  the  gradual 
v'>^U«v^«^'«\(  >^  A  ri»Jiv)f  vxvuiin^^ut  -with  cviSafmbUncv  also  in  sox^  of  the  shidls  of  the 
s'nX^t^  -^iuo  AUvi  ;ao  ojv«  ?H\i  t^vro  vr\^uld  yet  cv  ciucii  v^^rv  tliiR^ryBt  and  mew.  The 
^^^U\\  <M\^  ^^Vxsix  AaUs'w-^  xkvuUi  ^re  cbtcir  v^vulidu:  i52;;&bi::aiu&.  az^d  the  deeper  bonks 
wvhi^nV  V  ^v^vrv>A  wx;^  Uw^^^vt^;  wl^c  :uyTi*k>  cx  uu:ee  ::=2su£idT  v^iznali^  some  of 
^^"^  >*4'  ?i^^-^^9«^  ;>J^'^vj;;^^Mww  w\H^  d<>*i  ux  oiAKdis  ux  ;2L<  w;&rti:«  sKkiae  dwd.  svimmiiig 
>^n'^  I^'^v  N/t>'^  sV.'Xk  ^«;k^  a;>^  ^.Nfr^y  ro  ^iuk  rs*  :2r*  Kktcsi  i::  ^v  scuxessc  ^pnwch 
.'.^\U^ie'.  VxV^^T  N't;5  a5  ^'^fc.  *:ic  jfc;c*.->.s,-c  rs*  :i.^  r,x'iy  :c^c]c&.  w^  <aG&hi  have  the 
xv^-<iJ«^^  ^<.N^^>v<$  x^t*  4>}<'  ^^ftC;«9^  >«;ftv*3;^  ;^'£.r  *::.t^3«j:  $9:3:;^  szil  ':asLhas^  jai  sictching 
v'<k;  v>N'*iV  ?«r/«^  ij^-^^w^x^  V  ctj;r»i'»fcr  JtaZ  ji^om-ffCATv'  ▼i.iirTsir  ^asK   -viBKoa  reach. 

M^s-.v+i'*-'^  v<  c'k!*;  ^•t'N'^  >»v*^iA  -v^viKT  iV  :^-Ai:c  JOJi  ,'r.usi  :ji:  JiiiZiasc  pcn&  af  unoEt 
>>'V'«L."»  ^-vvw^  ^^tf^  ^;v.?44n  jt,?vA.  Tk-x-J^^w  ,•*;  :jk  V.'^ss^  7v"»vcT:riiL  jii^:t3Aiiu»  rc^er  own 

'  '•'iv  s*»"^-W;jtiv  .«.-'5v.v  ;r.^rtTr.art**i-»i  ^-  j;  -;^-  -mAs,  i^^iit***!.  '\Tr.xjtfifc — ouztic  Jaav  V£er  Vie 
.-  '«.-^^^  .-.  ..Vv-  vsvT  .  ^■4**»-'  /k^K""^  /*."  *.  -'/i*rt»4,>:  stuiiv  ^jj*.  ».>»  A;t:L-=ri  laujxSk.  woejI  ^xre 
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munenms  remaini  of  fialies,  was  ono  oonBcquonce  of  a  considerable  upheaval  of  land  in 
tiie  nortiieni  hemisphero,  producing  a  suoocsaion  of  rosiatless  waves,  which  not  only 
swcfpt  along  the  grayd  but  shaved  clean  tlio  surface  of  the  rocks  they  passed  over. 

In  this  way  wero  formed  the  oontcmporancous  deposits  of  the  Beeonxan  rocks  and 
the  (M  red  iondtt&ns :  the  former  muddy  and  calcareous,  containing  corals,  shells,  and 
trilobites ;  the  latter  sandy  and  gritty,  and,  where  exhibiting  fossils  at  all,  having 
chiefly  the  remains  of  fishes. 

It  seems  Hkely  that  the  whole,  both  of  the  Silurian  and  Devonian  period,  was  marked 
by  the  eleiration  of  Eoitrpoon  land,  and  perhaps  also  of  land  in  North  America,  Australia, 
and  oiLnwliere,  wfaere  these  rocks  occur.  That  such  a  view  is  correct  seems  probable, 
partly  beooose  all  the  coral  banks  of  the  period  must  have  been  fringing  reefs,  and 
partly  beoause  of  the  amount  of  volcanio  action  known  to  have  been  going  on  in  our 
own  cofuntiy  and  elsewhere  at  this  time.  In  the  same  way,  too,  it  seems  easiest 
to  aecount  fbr  the  oonglomcrate  of  the  old  red  sandstone,  which  may  possibly  have 
been  drifted  into  hollows,  and  thus  have  obtained  the  vast  thickness  sometimes 
obienred.  But  the  elevations  must  have  been  numerous,  and  perhaps  accompanied  by 
conesponding  and  not  distant  depressions,  in  order  to  produce  scane  of  the  pheno- 
mena of  this  singular  period. 

Duzing  the  Devonian  period  there  existed  in  the  seas  a  number  of 'ffitttes  of  a  very 
remaikable  kind,  in  addition  to  a  multitude  of  loss  highly  organized  airinnils-rBscmbling 
the  Silurian  groups.  These  fishes  are  interesting,  not  only  as  giA'ixig.usflai  isBght  into 
the  condition  of  the  ancient  soas  in  this  respect,  but  also  in  their  ooangnison  with 
existing  species. 

At  the  present  time  there  arc  various  ways  of  grouping  the  diflbrsnt  tribes  of  fishes ; 
aid  these,  of  course,  depend  on  some  characteristic  peculiarities  of  structure.  Taking, 
hofwerer,  all  known  forms,  extinct  as  well  as  recent,  it  is  found  that  liie  skin,  or  rather 
the  hard  ooveiing  of  the  skin,  corresponding  with  the  skeleton  of  less  highly  organized 
Mfrim^lgj  affords  a  character  which  may  bo  made  extremely  useful,  if  it  Be  not  actually 
snfBciBnt.  Thus  almost  all  the  different  kinds  of  fishes  have  scales;  and  these  are 
either  coated  with  enamel,  such  as  the  skate,  the  shark,  and  the  stm^son,  or  are 
comparatively  simple,  not  being  coated  with  any  hard  substance,  as- is- the  oasa'with  the 
oomnKm  fishes  round  our  own  shores.   There  are  four  principal  varietiBS-af 'tii&stiucture 

of  tiie  scale,  two  Mimging 
to  each  of  the  above  pecu- 
liarities ;  and  though  at  pre- 
sent but  fow  of  the  fishes 
can  be  refbzred  to  the  first 
two,  yet,. on  the  other  hand, 
almost  an  those  fbund  fossil 
in  tho  older  rocSci  are  of 
those  kinds. 

The  annexed  ^agmm  will 
show  in  some  degree  the  state 
of  the  case.  The  small  hooked 
B(!alo  represented  in  No.  1  is 
tliat  belonging  to  a  group  of 
which  the  shark  ia  «^  'v^^- 
known  instanoe.    Sharks  are  now  by  no  means  rare ;  but  in  ancient  ^qq&)  OBT^t^^a^^ 
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1,  Placoid;  2,  Ganoid;  3,  Ctenoid;  4,  Cycloid. 
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those  of  the  earliest  epoch,  they  were  incredibly  abundant.  The  scale  No.  2  is  singularly 
different,  because,  though  hard  and  bony— the  bone  on  these  surfaces  resembling  that 
of  the  tooth  rather  than  any  other  kind  in  its  closeness  of  texture — ^it  is  smooth  and 
angular ;  forming  in  the  bony  pike  (a  singular  North  American  lake  fish]  a  complete 
and  connected  coat  of  armour  of  the  most  perfect  kind.  [The  animals  thus  clothed  are  now 
extremely  rare,  but  in  the  ancient  seas  were  the  common,  if  not  exclusive,  inhabitants. 

f-     I'^^^^CL^     ^^  ^^  *^®  other  hand,  in  Nos.  3  and  4  wo  have  figures 

i'^^^^  y      of  the  scales  of  fishes  now  familiar.    Of  these  the  perch, 

,,        '  V    ^^  its  comb-like  fringe  (3),  is  the  representatLve  of  one 

\       I  /         jj   large  group ;  and  the  salmon,  having  a  smoother  and  more 
y    i  t  m         I   rounded  and  entire  margin  (4),"of  another  equally  large 
and  now  no  less  important.     Of  the  fiishes  having  these 
two  kinds  of  scales  not  one  representative  has  yet  been 
found  in  the  older  rocks ;  and  although  it  may  be  that 
large  numbers  of  species  less  defended  with  bony  armonr 
I  have  been  destroyed  in  the  lapse  of  time  and  by  nxmLcrous 
•   accidents,  it  is  yet  unlikely  that,  where  so  many  far  more 
X    delicate  and  more  easily-injured  animal  substances  hare 
been  preserved,  some  at  least  of  the  scales  should  not  be 
met  with.     Such,  however,  is  the  case ;  and,  practically, 
we  have  only  to  deal  with  the  two  first-named  divisions 
of  fishes  in  the  Paleeozoic  epoch. 

Another  peculiarity  of  fishes  that  has  been  noticed  is 
the  mode  in  which  the  body  is  terminated  and  the  tail 
attached.  In  the  shark,  and  generally  in  the  placoid  and 
ganoid  fishes,  the  back  bone  is  continued  into,  and  forms 
part  of,  the  tail,  which  is  thus  unsymmetrical  (see  annexed 
woodcut.  Fig.  1) ;  while  in  the  modem  fishes,  in  most  cases, 
the  tail  is  a  mere  fin,  either  double,  as  in  the  trout  (Fig.  1^), 
or  single  and  rounded,  as  in  the  wrasse  (Fig.  3)— a  common 
fish  on  the  English  coast,  sometimes  called  old  wife.  Here, 
as  in  the  scales,  a  marked  difierence  exists  between  the 
prevailing  form  in  modem  and  ancient  times.  All  the  old 
fishes  have  tails  like  the  shark ;  most  of  the  modem  ones 
resemble,  in  this  respect,  either  the  trout  or  wrasse. 

During  the  deposit  of  the  rocks  of  the  Devonian  period 
several  very  odd  and  uncouth  fishes,  covered  with  bony 
framework,  and  belonging  to  the  ganoid  division,  not  only 
existed,  but  appear  to  have  been  the  almost  exclusive 
inhabitants  of  the  deep.  Of  these  the  figure  of  the 
Pterichthys  (wing-fish),  as  given  in  the  annexed  group 
of  Devonian  fossils,  is  itself  sufficiently  curious.  This 
animal  was  one  of  a  group  remarkable  for  the  large  size 
of , the  bony  plates  compared  with  that  of  the  animal,  and 
also  for  the  distinct  and  peculiar  forms  of  such  plates. 
There  were  also  bony  coverings  to  the  fins,  and  a  projecting 
tail,  giving  the  appearance  of  a  winged  animal,  although 
there  cannot  be  a  doubt  that  the  fish-like  character  was  perfect.     Several  species,  also 
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1,  Shark ;  2,  Trout ;  3,  Wrasse. 
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Md  in  hiird  cas{^  but  moro  like  tlie  ^xEstmg  tribei,  Mooii^nniDd  the  pterk;htli7& ; 
BTfi  waa  al^  00^,  the  C^cm^^j^,  m  oaUed  fFom  tho  bcny-likc  tuherclae  with 
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the  large  bony  plato^  wore  cavcircd,  and  of  whith  numemus  fragments  hare  "beim 
ed,  cl^icjl^  from  the  flagstones  and  other  heds  of  the  old  red  sandstone  of  Scotland,    [ 
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Another  group  of  these  ancient  fishes  is  remarkable  for  the  great  magnitude  of  the 
fins,  and  the  fact  that  those  fins  on  the  back  and  below  the  tail  are  double. 

The  jaws  of  most  of  these  animals  are  provided  with  sharp-pointed  teeth.  The  head 
was,  as  it  were,  inclosed  in  a  cartilaginous  box,  coated  with  enamel ;  and  the  scales  on 
the  body  are  sometimes  so  disproportionately  lar^e,  that  they  do  not  fiKceed  six  in 
number  between  the  head  and  tail.  These  fishes  probably  swam  more  nrpidb^,  and 
perhai»  inhabited  deeper  seas,  than  the  others ;  bat  they  were  of  maEl  size,  axid  but 
a  ttnall  number  of  genera  have  yet  been  detected.  Similar  ItSbm  of  larger  axe,  and 
more  powerfial,  appeared  towards  the  dose  of  the  period. 

jUthough,  in  the  nature  of  the  nmieral  acoumnlations  during  -fiha  Dovonian  period, 
we  seem  to  bave  an  intimation  of  the  eodstenoe  of  land  near  oTgyiewnt  ooast-line  in 
yarious  ports  of  the  world,  yet  there  is  none  of  that  evidence  whidi'fiheactaal  existence 
of  the  very  inhabitants  of  land  gives,  until  we  reach  quite  the  clom 'Oi  'fllie  period,  and 
come  to  the  carboniferous  rocks.  In  Devonshire,  indeed,  and  -p&AufB  in  Ireland  and 
elsewhere,  vegetable  fossils  are  found  in  the  older  shales,  marking  fte  spot  where  land 
first  appeared ;  but  these  must  be  regarded  as  exceptions  to  the  usual  fiaoditicm. 

"We  are  not,  however,  to  suppose  that,  because  there  is  for  the  most  part  an  absence 
of  land  fossils  in  the  Devonian  rocks,  there  was  therefore  little  land  at  tSiat  time  above 
the  surface  of  the  sea.  Nothing  can  be  more  likely  to  lead  to  error  than  this  hasty 
judgment  from  first  impressions ;  and  in  the  case  under  consideration  it  is  most  likely 
that,  during  the  whole  of  the  Silurian  and  Devonian  period,  land  had  been  increasing 
in  the  northern  hemisphere — ^that  at  the  close  of  the  Devonian  period  it  attained  a 
maximum,  and  that  immediately  afterwards  it  began  to  sink.  But  this  early  land  was 
not  placed  where  we  can  now  find  actual  traces  of  its  existence.  Perhaps  it  was  a  first 
Atlantis,  occupying  a  vast  space  now  covered  by  the  great  Atlantic  canal  separating 
Europe  and  America.  It  is,  however,  possible  that  a  portiQin  of  Northern  Europe  was 
even  then  elevated  above  the  sea,  and  formed  dry  land. 

Books  and  Voosils  of  the  CazbonifBioiM  Poxiod*— The  first  great  Indication 
of  change  that  presents  itself  with  regard  to  the  movements  then  going  on,  is  jeen  in 
the  formatiQn  of  those  mountain  masses  of  coral  found  in  various  places,  not  only  in 
England,  but  in  afhsr  ports  of  Europe,  and  in  America.  These  affioord  proof  cf  a  series 
of  alternations  of  level;  and  the  presence  of  vegetable  fossils,  sometimes  associated  with 
the  limestone,  show  that  there  had  already  commenced  that  abundant  vegetable  life  so 
characteristic  of  the  later  portions  of  the  carboniferous  period. 

The  Carboniferous  or  mountain  limestone  may  properly  be  regarded  as  the  base  of  the 
whole  carboniferous  series,  although  in  Ireland  there  is  a  peculiar  sandy  deposit,  and  in 
many  other  parts  of  Europe  a  dirty  shale  between  the  linxfturf-fffruft  an^  the  Devonian 
rocks.  Few  geological  formations  are  more  marked  or  more  uniform  in  their  peculiar 
characters,  and  none  is  more  import^t,  in  an  economic  sense,  llian  the  carboniferous 
series ;  and,  as  the  ordinary  basis  of  this  seriesf,  the  caiixmiferous  fimestone  possesses 
great  interest.  Most  of  the  limestones  of  this  period  are  either  coralline  or  derived 
from  the  fragments  of  marine  animals  of  other  kinds,  and  intimately  asBOciated  with 
coral.  They  are  therefore  essentially  fossiliferous.  Their  thieknees  varies,  but  often 
amounts  to  a  couple  of  thousand  feet,  and  the  rock  is  nsuaDjliard,  considerably  altered 
from  its  original  condition,  and  contains  in  its  crevices  numerous  crystalline  minerals 
and  ores  of  lead  and  zinc,  with  other  metals.  In  picturesque  features  it  is  also  well 
marked^  as  it  is  frequently  abrupt  and  fragmentary  in  its  appearance,  with  fine  escarp- 
ments,  lofty  cIiS&  occasionally  overhanging,  and  a  Tau:g!i,  weathered  surface. 
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With  such  features  the  carboniferoufl  limcstono  is  rccogTiUed  in  Dcrbydhiro,  Dovon- 
shire,  and  Toduhin^  tnd  in  Nortli  Waloa.  It  is  reproduced  on  the  Continent,  in  the 
npper  yallcy  of  tlio  Moose,  tod  in  ■ome  ptzts  of  Russia,  and  again  in  Canada  on  the 
vestem  iharei  of  the  Atlantje.  In  a  leu  picturesque  form,  but  still  perfectly  recog- 
nisable, it  oooupiet  lazgo  tracts  in  Irdand,  Germany,  and  the  western  states  of  the 
I  Union  in  NoKth  Amacioa.  tt  everywhov  aboimds  with  fossil  remains,  many  of  them 
extremely  interesting.    The  adjoining  page  contains  a  number  of  those. 

AboTO  the  carboniferous  limestone  a  deposit  of  hard  coarse  sandstone  supervenes, 
frequently,  in  England,  of  such  a  nature  as  to  be  valuable  for  millstones,  and  thence 
called  miiUtone  grit.  It  aftn  enntMns  bands  of  coal,  though  these  are  usually  fhin  and 
of  smaU  TBhie.  It  is  »  Mmewhit  loetl  deposit,  being  almost  confined  to  England,  and 
fanning  indeed  little  man  tiban  t  nndy  base  of  the  coal  measures.  It  contains  no 
characteristic  fossils. 

Next  in  order  comes  in  that  great  and  important  scries  of  sands  and  shales  whose 
association  with  available  mineral  fuel  render  them  of  infinite  value  to  every  country 
in  which  they  are  found.  These  beds,  called  the  coal  meaturesj  are  often  the  only,  as 
they  arc  always  the  moet  essential,  rflprescntBtiYes  of  the  great  corboni&rous  series, 
whoee  tide  ia  hence  deri-fad.  They  are  widely  diitribnted  in  England,  Waki,  Bootiand, 
and  Irelaiid;  in  Belgium,  France,  and  Spain;  in  many  parts  uf  Wesfaeni  Oannnj;  in 
Brthemia,  Saxony,  and  Sileaia ;  on  tbe  hanka  of  the  Don,  on  the  thatm  of  the  Whdk 
SaiyinTBxionapartsof  Afltamdintheidanda  of  theiouthcmBoai.     Siailn  dapoalli 
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geological  ago,  and  of  still  greater  extent,  occur  in  several  parts  of  North 
both  on  the  eastern  side  and  in  the  great  Mississippi  valley.     Throughout 
these  wide  tracts  availablo  mineral  fuel  occurs  in  association  with  peculiar  shales  and 

grits,  and  always  with  the  same  association 
of  vegetable  remains.  The  nature  of  that 
part  of  the  vegetation  of  which  fragments 
are  preserved  is  Tery  peculiar;  but  it  is 
important  to  hoar  in  mind  that  in  such 
mattev  the  absence'  of  eertiin  forms  affords 
no  real  proof  of  their  not  having  existed, 
unless  wc  are  also  aUe  to  determine  actual 
proo&  of  the  existeniDO  oi  o\Kcx^TC:\rE^i^!Q^- 
tive  of  them. 


sPBKsrorarrxxrjr  dkhtatux. 
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CONDITION  OF  THE  CARBONIFBROUS   BEA,  85 

In  addition  to  the  usual  claya  and  sands,  which  formed  the  ancient  land  and  sea 
bottom  of  the  carboniferous  period,  and  in  which  arc  often  found  the  trunks  of  trees 
buried  with  their  roots,  or  standing  upright,  turned  into  or  incased  with  stone,  it  is  not 
miusual  to  meet  with  very  coarse  congbmcratcs  in  the  coal  measures,  with  which  fine 
bands  of  pure  limestone  occasionally  alternate.  Thus,  at  Ardwick,  near  Manchester,  is 
a  fossiliferous  band  of  this  kind;  and  another  at  Burdie  House,  near  Edinburgh,  pre- 
sents numerous  organic  remains,  chiefly  of  fishes.  It  also  occasionally  happens  that 
sandstones  of  yarious  degrees  of  coarseness  form  almost  the  only  materials  associated 
viththocoaL 

The  coal  measures  and  underlying  beds  have  been  so  greatly  and  repeatedly  broken 
asunder,  and  shifted  from  their  original  position  in  England,  where  coal  was  first  exten- 
sively worked,  that  such  disturbances  of  stratification  have  often  been  regarded  as 
essential  to  carboniferous  rocks.  No  opinion  can  be  more  erroneous,  as  there  are  vast 
tracts  in  many  districts  where  the  coal  is  yery  little  inclined  to  the  horizon,  and  is 
by  no  means  subject  to  faults  even  of  the  most  trifling  kind. 

The  whole  Carboniferous  period  may  be  considered  together  in  reference  to  the 
nature  of  animal  and  vegetable  life  at  that  time  prevailing.  Thus,  although  there  are 
sot  wanting  in  the  limestones,  both  of  the  Silurian  and  Devonian  periods,  some  con- 
ndacBble  number  of  coralline  remains,  there  are  no  such  accumulations  hitherto  known 
arfo  compare  in  extent  or  variety  with  those  of  tho  great  bands  of  the  mountain  lime- 
These  indeed  would  seem  to  have  been  only  paralleled  by  the  somewhat  similar 
now  going  on  in  tho  Southern  Archipels^,  and  it  seems  by  no  means  impos- 
siUe  liist  the  general  condition  of  the  northern  hemisphere,  at  tho  time  wc  are  consider- 
ing, may  have  approxinvated  to  that  of  the  southern  hemisphere  at  the  present  day.  In 
this  way,  many  of  the  most  singular  differences  observable  in  the  animal  inhabitants  of 
the  sea,  and  in  the  vegetables  of  tho  land,  are  best  accounted  for. 

Besides  the  corals,  there  were  many  shells  and  other  marine  animals  of  low  organiza- 
tion ftxlgting  in  these  ancient  seas,  and  they  were  peopled  with  a  multitude  of  fishes, 
some  of  wMch  approached  in  many  important  characters  the  true  reptiles ;  and  indeed 
wo  have  distinct  evidence  of  the  introduction  of  reptiles  during  this  period,  though 
their  remains  are  few,  and  belong  to  'animals  of  small  size.  The  passage  from  fishes 
into  reptiles,  indicated  by  the  fi^es  of  this  period,  is  exceedingly  interesting. 

One  of  these,  called,  from  its  large  proportions,  compared  with  tho  other  fishes  of  its 
period,  MegaUchthya,  or  the  great  fish,  was  even  more  remarkable  for  its  robust  propor- 
tions than  its  actual  size.  Its  head,  jaws,  and  teeth  were  especially  formidable,  the 
latter  being  sometimes  as  much  as  four  inches  long,  and  nearly  two  inches  broad  at  the 
base— dimensions  rarely  attained  even  m  the  largest  known  reptiles.  The  body  was 
covered  with  scales  of  corresponding  magnitude  (some  of  them  five  inches  in  diameter), 
and  seems  to  have  been  well  shaped  for  rapid  motion  through  the  water.  The  skeleton 
▼as  bony  and  strong,  the  tail  very  powerful,  and  everything  indicative  of  great 
strength,  vigour,  rapidity  of  motion,  and  eminently  carnivorous  habits. 

Another  very  remarkable  fish  is  called,  from  the  wrinkled  appearance  on  its  scales 
and  bony  ooyering,  ^^ Holoptyehius"  There  is  a  nearly  perfect  specimen  of  this 
animal,  measuring  as  much  as  thirty  inches  long  without  the  tail,  and  the  proportions 
are  singularly  massive.  The  head  is  small,  but  the  unclothed  jaws — covered  with  hard 
enamel  instead  of  skin— are  lined  with  a  double  row  of  teeth ;  tho  outer  range  thickly 
set,  and  fringing  the  enamelled  edagi^  of  tho  mouth;  the  inner  ones  wider  apart,  and 
more  than  twenty  times  as  large. 
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The  8ca]4»  coTcring  the  body  of  this  aninud  ningularly  resemble  those  of  reptiles, 
and  might  hare  served  fbr  the  defensiTo  armour  of  a  crocodile  Are  times  aa  largo  as 
thofUh. 

But  these  wore  not  the  only  fierce  and  powerftil  inhabitants  of  the  sea  during  ibis 
period.  No  less  than  sixty  species,  belrjnging  to  Tsrioua  genera,  bat  all  of  the  shark 
trib*;,  and  some  of  them  of  very  largo  proportions,  are  known  to  have  existed  by  the 
fbssil  remains  discovered  in  the  various  limestone  and  ofter  rocks,  chiefly  in  Engjiaad 
and  Trcland. 

This  number  is  very  much  greater,  and  the  fragments  indicate  a  group  of  larger 
animals  than  we  find  characterizing  the  old  red  sandstone.  They  were  also  essentially 
cUiferont  in  many  important  respects  from  the  reptilian  fishes  already  described,  and 
instead  of  having  a  secure  casing  of  enamel,  and  impenetrable  defensive  armour,  their 
skin  was  covered  only  at  intervals  with  small  and  detached  plates.  There  can  be  no 
question,  from  the  analogy  of  recent  animals  allied  to  them,  that  these  were  the  most 
powerful,  the  most  rapid  in  their  movements,  and  therefore  the  most  important  of  all 
the  inhabitants  of  the  sea,  and  being  pnjbably,  in  most  cases,  the  attackers,  they  did 
not  need  the  contrivances  for  defence  which  are  found  in  the  heavier  and  less  mobile, 
thougb  more  massivo  sauroid  fishes. 

Tike  the  existing  sharks,  it  is  most  i^robable  that  these  fishes  required  to  turn  them- 
selves round  in  the  water,  while  in  the  act  of  seizing  their  prey,  in  consequence  of  the 
mouth  being  on  the  under  side  of  the  animal.  For  the  purpose  of  being  enabled  to 
make  this  important  movement  with  great  rapidity  and  predsirm,  they  were,  however, 
provided  wit3i  a  bony  spine,  connected,  no  doubt,  with  a  fin,  and  inserted  on  iShe  bade. 
These  spines,  fbund  in  the  Fort  Jtuilatm  shark,  are  not  fastened  to  any  bone,  but  are 
simply  inserted  in  the  fiesh,  and  worked  by  strong  muscles.  They  are  very  commonly 
found  in  a  fossil  state. 

Bee,  then,  the  change  that  had  been  efi'ected  towards  the  close  of  this  period.  The 
corals  and  cncrinites  remained,  and  the  number  of  species  had  greatly  increased,  but 
those  originally  introduced  had  long  since  died  out,  and  were  sucoecded  by  others 
resembling  them,  but  not  by  any  means  identical.  The  trilobites  had  almost  ceased  to 
exist.  The  terobratula  and  other  allied  forms  of  bivalve  shells  had  greatly  multiplied 
in  Hpeci(;M,  but  the  number  of  gencrio  forms  had  diminished ;  and,  on  the  oilier  band, 
the  number  of  generic  forms  of  the  other  mollusca  had  greatly  increased.  Hie  cepha- 
lopoda were  still  numerous.  But  the  fishes  are  the  most  striking  group.  The  minute 
but  fierce  and  voracious  species,  which  first  marked  the  introduction  of  these  animals, 
became  succeeded  l>y  a  clumsy  and  awkward  race,  heavy,  slow,  and  only  adapted  to 
food  on  the  crustaceans  and  shell  animals  inhabiting  the  shallow  water  near  shore ;  and 
these  were  defHnded  by  strong  plates  of  armour,  or  delicate  but  perfect  eoats  of 
mall.  Then  came  the  more  predaceous,  more  powerful,  and  more  rapid  species  (still, 
however,  armed  in  the  same  manner),  and  then  succeeded  the  sharks— the  most  remark- 
able of  all  for  their  locomotive  powers,  and  their  fierce  and  voracious  habits.  These 
wore,  however,  associated  with  monstrous  aaid  enormously  poworftil  species,  well  fitted 
to  resist  their  attacks  by  the  possession  of  defensive  armour,  like  the  plated  mail  of  a 
largo  crocodile.  There  is  no  time  known  at  which  fishes  so  preponderated.  There  were, 
80  far  as  wo  can  toll,  no  groups  ever  introduced  which  exceeded  these  in  the  most 
remarkable  points  of  development ;  and  this,  therefore,  may  well  be  called  *^  the  ago  of 
fishes." 

But  we  have  also  indications  of  the  land,  and  the  vegetation  with  which  it  was 
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clothed.  Theie  ten  auociatcd  with  bods  of  coal,  the  oxiitcnco  of  which  is  almoflt, 
if  notTabaoliitely,  eonfiood  to  tho  geological  period  wo  are  now  considering,  and 
iHiich  an  mot  with  in  abondanee  in  our  own  country,  in  North  America,  and  also 
moro  rarely  in  yarioiifl  other  parts  of  the  world, — in  Europe,  Asia,  and  Australia. 

Nothing  is  mora  certain  than  thu  true  vcgotahlc  ori^n  of  coul.  It  has  boon  detcr- 
Bined  by'obflenring  the  general  conditions  under  wliich  the  mineral  occurs,  the  fossil 
xemains  assoeieted^with  it,  and  by  actiml  microscopic  structure.  Cool  is  altered  and 
oomprosaod  Tegetable  matter,  an  accumulation  of  trees  and  of  various  other  plants  con- 
TSjed'by  some  vast  rivers,  or  living  'near  a  lake  in  ancient  times.  It  is  associated 
with  maaj  beds  of  sand  and  mud,  wliich  contain  sometimes  the  impressions,  some- 
times  the  remains,  of  leaves  and  trunks  of  treos.  Tho  cool  exists  in  many  beds 
Tarying  in  thiclmess  from  a  few  inches  to  thirty  or  even  fifty  yards,  and  covering 
seas  often  amonntfaig  to  many  square  miles,  and  sometimes  to  many  thousand. 
But  the  thickness  and  extension  give  but  a  fkint  and  imperfect  notion  of  the 
fiantity  of  vegetable  matter  belonging  to  the  period ;  for  a  vast  prt^rtion  must 
have  died  and  nndergono  decomposition  without  Ibrming  coal,  and  the  great  com- 
pnaion  the  whole  has  since  undergone  has  much  diminished  the  thickness  of  any  bed 


And  the  kind  of  troes  ■  tho  nature  of  that  vegetation  which  clothed  the  land  in  the 
aorthem  hemisphere  during  tho  deposit  of  wh^t  was  afterwards  to  become  coal,— this 
ii  on  inquiry  of  very  great  interest,  and  one  which  tho  fossils  of  the  sandstones  and 
daty  beds,  amongst  which  the  coal  is  stratified,  serfo  to  decide  to  a  great  extent,  if  not 
flbsohitely. 

The  first  thing  that  strikes  one,  in  looking  at  these  fossils,  is  the  singular  prevalence 
of  fem-lcaves,  and  the  total  absence  of  such  leav(?s  and  wood  as  characterises  the  great 
najority  of  the  forest  trees  of  the  present  day  in  our  latitudes.  It  is  a  very  singular 
tnd  interesting  result  of  tho  investigations  of  naturalists  on  the  subject  of  the  distri- 
bution of  plants  npon  tho  earth,  tliat  tho  region  which  most  resembles  this  ancient 
eondition  of  Europe  includes  very  nearly  our  antipodes,  being  confined  to  parts  of 
Australia  and  Von  Diomen's  Land,  Now  Zealand,  Norfolk  Island,  and  other  parts  of 
the  mmHh  temperate  zone. 

l«t  although  in  these  distant  spots  wo  do  undoubtedly  find  a  group  of  plants 
MiiiiniwT^aliiiniii  to  those  of  tho  coal  measures,  and  the  dark  ferns  there  take  the  place  of 
our  mate  ckaerfol  iprasses,  growing  in  rank  luxuriance  into  forest  trees,  and  associated 
with  pafaM  m  weQ  m  firs  and  pines,  yet  there  is,  after  all,  only  a  very  general  resem- 
blance ;  aer  h  it  JSUlj  that  the  ancient  condition  of  the  northern  hemisphere  greatly 
lesembled  it*  pnNHrt  Polynesia  of  the  South  Seas.  One  of  tho  most  remarkable 
characters  of  tfto  aaal  fiis^  consists  in  the  gigantic  proportions  of  some  groups  of 
plants  now  ■— MwwJj  oaril ;  but  tho  resemblance,  after  all,  is  only  distant,  and  we  know 
but  little  yefe  ef  €ht  Int  Tahio  of  the  difBerences  observed. 

There  9Bt%.  hi  o«ff  «wn  coal,  throe  wollrmarkcd  generic  fbrms  of  forest  trees,  and  a 
gigantic  Z8a4^  taUn  tho  numerous  tree-ferns  whoso  leaves  or  fronds  abound  in  every 
cmI  district.  Of  those,  one  approached  in  some  resi>ects  to  the  club  mosses ;  one  is 
exceedingly  diflfcrent  from  any  nTitfting  troo,  but  was  probably  coniferous,  and  most  like 
plants  of  tho  Zamia  tribe ;  and  the  third  resembles  some  of  the  singular  pines  of 
Hosfelk  Island^  The  coniferous  treo,  of  which  we  know  scorcdy  anything,  was,  it  has 
been  sometinies  thought,  connected  with  a  singular  but  veiy  abundant  stem-like  fossil, 
iriiieh  has  been  supposed  to  fiorm  its  root.  . 
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M  Ia  order  to  realize,  as  far  as  possible,  the  andent  condition  of  our  hemisphere, 
at  the  close  of  the  carboniferous  period,  let  the  reader  picture  to  himself  a  totally 
diflEbrent  arrangement  of  the  land,  which  was  at  that  time  exposed  to  great  changes 
of  level,  and  which,  after  long  descending,  had  been  partly  uplifted ;  so  that  a  mul- 
titude of  islands  were  studded 
oyer  the  green  waters  of  that 
ancient  sea.  Besides  the  islands, 
there  may  also  have  been  con- 
tinuous land,  haying  a  coast 
line  indented  by  numerous  in- 
lets and  estuaries ;  while  large 
tracts  of  the  interior  were  under 
water,  and  rivers  and  mountain 
streams  partiy  drained  and 
partiy  inundated  the  low  lands. 
The  whole  of  the  interior  may 
have  been  clothed  with  dense 
forest,  whose  dark  and  gloomy 
foliage,  chiefly  of  pines,  was 
only  occasionally  interrupted 
by  the  bright  green  of  the 
swamps  in  the  hoUows,  or  the 
brown  tints  of  the  fern  cover- 
ing, instead  of  grass,  the  dis- 
tricts near  the  coast.  In  this 
forest  there  were  doubUev 
many  difEerent  kinds  of  vegeta- 
tion. We  should,  however,  fee 
in  one  qntagroop  of  la^ind 


a^mt  ta»ea  Cti^  soM»IIi^  Z«?p*Wbii*wiJ^ 

tft  tlke^  ixdmKt  hisncance,.  liut  fiaadeat  and  «fajqg«iy  hxaBidb»w&ic&wapai.wit&cfay 
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mt  reedfl  of  this  period— would  bo  soon  in  olumps  bearing  aloft  their  singular 
I  and  yet  stranger  Icaf-liko  appendages,  and  standing  stiffly  up  in  a  mono* 
niformity. 

Sur  off,  and  perhaps  jclose  to  tlie  moist  places  where  vegetation  was  most  rank, 
Umria  would 
4k  lofty  tree, 
tapering  and 
trunk,  with 
olyatthe  top 
erfecUy  bare 
jod  stem — a 
(dumn  rising 
from     tho 

to  a  great 
and  then 
.  with  a  mag- 
liead  of  bright 
liage,  like  the 
Samia.  Per- 
soolumnrose 
circular  and 
base,  sprcad- 
irms  in  every 
1,  and  exhi- 
in  tho  roots 
anohes  which 
rtainly  absent 
3  Item, 
he  tree  ferns, 
98  resembling  the  Norfolk  Island  pine,  would  probably  be  the  most  striking 

in  the  landscape.  They  would  occupy  a  prominent  place,  and  their  fallen 
nd  trunks  would  perhaps  render  the  forest  almost  impassable;  but  they  would 
lotted  at  intervals  over  the  distant  plains  and  valleys,  which  were  probably 
with  humbler  plant?  of  tho  same  kind.  These  trees  would  exhibit  rich  crests 
B,  paoh  orost  hanging  down  gracefully  over  the  trunk,  and  many  feet  in  length, 
whde  of  the  lofty  forest  trees  would  be  girt  round  with  innumerable  croopers 
laitio  plants  climbing  to  the  topmost  branches,  and  enlivening,  by  the  bright 
of  their  flowers,  tho  dark  and  gloomy  character  of  the  groat  masses  of 
on. 

istB  such  as  these  are  romarkable,  even  at  the  present  day,  for  their  death-like 
and  the  almost  total  absence  of  land  animals.  A  few  birds  and  insects  form  the 
nimal  population,  and  no  quadruped  is  found  over  extensive  districts.  Such 
kingly  tho  case  during  the  coal  period.  Vegetable  life  was  infinitely  abundant, 
h  the  exception  of  a  scorpion,  a  few  small  freshwater  shells,  and  a  few  crusta- 
16  know  of  no  terrestrial  or  lacustrine  animals ;  and  we  find,  theroforo,  that  while 
W9B  then  the  habitation  of  fishes  of  considerable  magnitude,  and  of  high  organi- 
» land  thero  existed  only  vegetable  life  in  abundance,  and  no  highly  organized 
appear  to  have  been  yet  introduced. 


XaXE  FKBM. 


VO  rtMMlAK  BOCKS  AKD  FOSBILS. 


RiiiHUlniidN  iiiiil  mnynosittn  limostonot,  with  few  fossils.    These  fo 


Aftdti  ilf/i  tUtptmit  of  ihts  cos],  a  number  of  beds  tnoceeded  in  most  parts  of  tiie  woild, 
iUtrittif,  a  iHtrUtil  whtm  ihirro  seems  to  haro  been  great  and  constantly  repeated  dlstaxb- 
Hitfn  'Dim  N/tflu  huimuij  hmH  f\iiiA  f(jr  the  larger  fishes,  and  reptiles  began  to  be  inizo* 
lUttuui,  TUti  \ntui  bwmmo  fitt<»d  for  a  somewhat  different  kind  of  Tegetation,  and  the 
K"n«fMl  \tUyn\vn\  funUtnm  of  tho  groatcT  part  of  the  existing  land  were  then  determined. 
y«niiian  ■•»!•■.  -Tho  rocks  inimediatcly  overlying  the  carboniferous  series,  and 
nompljillii^  lliii  I'lilmoxoic  epoch,  are  represented  in  England  and  western  Enrope  by  irony 
RiiiHUloiidN  iiiiil  maynosittn  limestones,  with  few  fossils.    These  formed  but  an  indiatinet 

series,  until  identifled 
with  a  large  and  inter- 
esting representative 
group  in  the  ancient 
kingdom  of  Perm,  in 
Eussia,  first  described 
by  Sir  Eoderick  J£vay 
chison;  but  the  whole 
are  now  generally  re- 
cognised aa  the  Fer^ 
nkui>vcvt«a  noaimu*.  mimi   system.      Some 

|^oo\»U«u  u\u\M«l  \HMuWUvxn«»  in  llws©  raQkt>  and  certain  fossils,  suffieicntiy  separate  the 
H^N'U^x  (\mm  Um»  «ai4Kmil^v\^u«  lorksi  9ad  at  ^k»  tamia  titoe  fail  to  connect  them  with  liie 
snUI^v*!  Iw4i»f  tl»  wwMl^My  uriwi  ThiytliMiitmaibtikeuppcrmost  and  newest  of  the 
I'HUsvMuti^  «M^  willMMl  irils»tlnjt  a  |Mnft  U>  tlM^  overlying  nxka. 

In  KlsikM^  Um"  INnmIm  vwk9  ^Hr«a  a  flrui|e»  loand  tho  narthem  crap  of  tfce  eod 
W\VA*««\VK  ^m  NU^^('(s>ar  iw  lh%»  ^mth  aixvl  wwi.  In  Ptantv,  they  flank  die  Tosges 
v^^v^v^llMl^  ^M^  lK\\\  K*\v  Kvu  u*c\\l  iu  Ovxtswuiy  ami  Bp1^>sisi  :  hatt  tkeircUBf  dev^* 
Isv^mwn^\«  ^^  a*  hx^  Kvw  ^kmvIk  m  R^t^*.  "Hi^*  rtiinvnd  clLir*:t*cr  Tariea  ^it  litOe,  ezecpt 
^N^^  A\^VNNiv<  <V  *A^sU  a^^^  v\vtw*>VMfcrvy  ?hiti  isAr.*i$  of  vV<iL  ami  so 
^V^^v'^  s^v^Ns^liv^N^^w.      IV  ^VAii^^s*  x^rts'tk  *»d  ;:i  sc::Kvr  jorte  of  te  Haiti 

i^t^i^tii**^:-H  !Kfc>iw  Vwvwtv  ?wv«fc9^  \fvifc  li>aaaXint  1^  ^ctlc  oval 

wMi^ »/  ;^  Hrt^JXM.  w««t««C  iwtn^ar  arnjt  trttec^wcwgr  T^^amma  ;jf  liE^dia^  ^cw  ftt«a 

,>iN  i  Oh  iuuwk  ^viHte*.  ;t?*Hu\i  .»tt  -iK'  "ttiut -utxi  5iutu  >k:a»»  iitwor :niaai  abuRs «f  a 
t»v««»  >Kv*u%  'iltyti^i^v  .« ^K^vt\Kt  ^  'K**  .iV«  ^•Ttw  ^xJSir  iwf  -bma^viirinmiaL 

"^^^  9«,-Mk  V«»  vi)l|l^4!«iiH»  utu  >«^  WW  ')kiK  '^*r  ^<v«w^  ^*>iut  jmniMR^  wrtfL  ;hr  ggjaui 
A^«uiM*^  mt^k  -^^i^  ^o  h4«^  li  'iii^  wtT)-.  .nkmm'W  :m»o  twoxm.  iwrnniwa  ArilK.  «f 
JW  :iH«  «k>u«HKU  4M  r«U)e4>  ififK-ciram^i  ti  \iekf  um  thit  it  :;iM  -mmtmr  i^  hum  !■  m 
mJx  -HMNMWtt^^  -l«*^>}»  >^«  ^ii>cMNll^  *<Hw««n«>  ^f««t)bb  mm  i|>|agi'<Ma>i»  xi  laraBBssK     ^ 

>AK^  uKi  iuw-uKAy  VswjiMn?  UnaMatit  UM    'MruMWinMK.  4»4  s^Mt  ifcK  •rm«n.>«ftik-  Aa 
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naatiloB  and  cuttle  fish,  or  aidmals  nearly  allied  to  them,  reigned  undiluted  lords  of 
the  ocean.  At  length,  however,  the  reign  of  those  animals  also  draws  to  a  dose,  and 
flflhefr— oreatnies  more  highly  organiicd — ^begin  to  appear.  At  first  they  are  small  and 
poweileflii,  in  comparison  with  the  existing  monsters  of  the  deep ;  but  they  soon  increased 
both  in  number  and  dimensions,  and  seem  to  have  delighted  in  the  troubled  ocean, 
m  whifih  the  great  deposits  of  the  old  red  sandstone  were  formed.  For  a  long  time 
t&e  less  perfbot  of  the  group  seemed  to  prevail ;  but  those  were  gradually  displaced, 
and  otibfira  more  vigorous  and  more  powerful  succeeded  them,  and  flourished  till 
towaidB  the  dose  of  the  period. 

While  these  changes  were  going  on  in  the  sea,  the  land  also  was  attaining  a  more 
perfeet  adaptation,  and  becoming  prepared  for  the  residence  of  animals';  but  there  seem 
to  have  been  fiew,  if  any,  of  high  organisation,  even  among  the  Invertebrata. 

Just  at  this  point  the  first  reptiles  appeared,  and  we  close  the  present  portion  of 
oor  history  with  a  distinct  intimation  that  the  great  work  of  nature  was  progressing — 
tiutt  the  earth,  long  the  habitation  of  one  group  of  animated  beings,  was  shortly  to 
Tseerre  upon  it  another  series  possessed  of  higher  organization  and  greater  physical 
powers,  and  better  fitted  to  tiie  ftiture  conditions  of  existence. 

SEOONDA&T  XPOCH. 


\m — ^The  transition  firom  PalsBoaoio  to  Becondary 
rocks  is  by  no  means  strongly  marked  by  any  mineral  peculiarities,  but  the  fossils  found 
hi  them,  even  wbai  the  depopits  are  most  evidently  continuous,  are  considered  to 
justify  the  separation.  They  are  not  only  different  in  minute  peculiarities,  but  indicate 
a  total  change  in  the  chief  oonditionB  of  existence,  and  probably  the  lapse  of  much 
time  between  the  termination  of  the  one  and  commencement  of  the  other  series.  This 
time  msy  have  been  largely  occupied  by  movements  of  depression,  as  far  as  the  chief 
EmropeaBi  and  American  districts  are  concerned ;  but  it  is  certainly  remarkable  that  no 
distinct  passage  has  yet  been  traced  anywhere  fi?om  the  lower  to  the  -apper  part  of  that 
series  of  sandstones  which  was  first  deposited  during  the  Palaeozoic  period,  and  after- 
wards continaed  in  a  manner  exactly  similar  into  the  Secondary  period. 

The  new  rod  sandstone,  or,  as  it  is  often  called,  the  Triassic  series,  includes,  when 
iblly  developed,  two  groups  of  sand-rocks  with  occasional  marls  and  much  rock-salt, 
parted  by  a  bed  of  limestone.  The  lower  sandstone,  called  in  Germany  Bunter'sandaUm, 
and  by  tiiie  French  ffris  Mgarrd,  is  often  of  variegated  colour,  and  contains  numerous 
ibasil  plants  and  a  flew  shells.  It  is  tolerably  uniform  in  its  mineral  character,  and  is 
very  widely  i^read  over  the  earth's  sur&ce.  In  England  it  appears  as  an  irregular  band, 
parallel  to  and  near  the  coal  measures,  with  which  it  is  almost  always  unconformable. 
It  ooonpies  a  large  tract  in  the  middle  of  our  island,  and  spreads  into  Devonshire, 
Korth  Wales,  Lancashire,  Yorkshire,  and  Cumberland.  In  France  it  is  repeated  in 
mnnenRis  localities,  its  chief  extension  being  on  the  fianks  of  the  Vosges ;  and  in  Ger- 
many it  is  very  widely  spread,  especially  in  the  Duchy  of  Baden  and  the  Kingdom  of 
Wiirteanborg.  It  ranges  into  Poland  and  Eussia  on  the  east,  and  into  Italy  on  the 
BQQtii;  end  ccnssponding  beds  of  the  same  age  are  known  to  exist  in  several  of  the 
United  States  of  North  America,  and  in  various  parts  of  the  Andes. 

A  calbareons  band,  passing  occasionally  into  a  thick,  well-defined  fossiliferous  lime- 
atone^  fieequently  caps  tha  grk$  Ugarrdj  especially  in  Germany  and  some  parts  of  France. 
It  is  csUed  mmachdkttlk  (or  shell  limestone),  and  in  the  Duchy  of  Baden  attains  a  thick- 
ness of  nearly  a  thousand  feet,  being  equivalent  to  tiie  greatest  thickness  of  the  under- 
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lying  MAtKlMtonos.  Tho  chief  fossils  of  tho  new  red  sandstone  series  occur  in  this  lime- 
iiiond  Imnd,  whicli,  however,  is  absent  in  England. 

Tho  upper  now  red  sandBtone,  including  in  England  numerous  hands  of  marl  and 
Inrgo  deposits  of  salt,  and  elsewhere  remarkable  for  marls  of  various  colours  {mamet 
ii'Mta  of  Kranoo,  and  kettper  of  Germany),  is  widely  spread  in  Worcot^tcrshire,  Cheshire, 
and  Devonshire.  It  is  almost  always  nearly  horizontal,  and  reposes  unconformahly  on 
Uio  oonl  measures  or  other  Polaoozoic  rocks.  Besides  common  salt,  beds  of  gypsum, 
Moiuotimos  very  thick  and  extensive,  are  found  with  the  sands  in  England  and  elsewhere. 
*rht»  total  thleknoiM  of  tliis  part  of  tho  series  reaches  in  Grermany  to  nearly  1,200  feet, 
and,  though  gimcrally  without  fossils,  many  continental  localities  not  only  contain  but 
tMV  rieh  in  organic  remains,  chiefly  consisting  of  transported  shells  of  marine  animals. 

Tho  new  red  saudAtono  was  long  remarkable  as  the  rock  which  contained  the  fiist 
ilUtiuet  \vtw}U  of  tho  existence  of  large  air-breathing  animals.  At  first  the  evidence  of 
thid  was  iHUiAned  to  foot-prints  in  tho  sand  rock,  supposed  to  have  been  mode  by  biids 
nuil  rt^ptiU^St  but  since  then  tho  actual  bones  of  many  reptiles  have  been  found,  and 
nuy  ihxM*  that  may  ha>-o  existed  on  this  subject  ore  finally  set  at  rest.  The  Laby- 
vtutUiHUu\  (»tH>  p.  93)  airv,xrd3  remarkable  proof  of  the  general  correctness  of  the  first 
iiu^uHHkMou^  of  vH^miH^tent  naturalists  on  this  head,  and  there  is  little  doubt  that  similar 
tMiit\»(\u'tm'  (u\Hvf  will  $v>mc  day  be  obtained  as  to  the  existence  of  buds  dnxiiig  the  same 
(Hn^ivnlv  hWtmork^  at  UHi»t>  haw^  bct^n  detected,  which  it  is  scarcely  possible  to  refer 
W  v^thor  auimoi^^  lUwies  the  batraohion  or  firog-like  labyrinthodon,  of  which  tiun  are 
uuluNitKvii»  vxf  sif^Yvral  wr>*  ditl^xnmt  varieties,  the  new  le^  sandstone  ako  contains  lemaiBS 
^4"  lui'llw  oMvi  vMt  v^hor  tt>)^ile«  ^  curious  ionu  £ram  South  Afirks.* 

The  K4al  nuwWr  v>f  extiuel  g<MKfa«  peculiar  to  the  new  red  sandstone^  is  not  great; 
Wl  Uk>  \  ariety  U  e\>ii»ivlefabk.  Th«^  plants  dillar  deeidedh-,  both  firam  tiie  Ftenisn  and 
sNUrK^ilK'srvH;^  manil^^ly  apptwdnkoliikj^  to  the  newer  secondaiy  and  erea.  recent  fjpes. 
tV  «|K\iHs:\(^««i  onvl  vvrolUue  K4ieis  ozv  iK^w  ^^Sifch^iJsjMivii;.  aw  groop  of  toeeSk^  ]«ge  93), 
Wl  iW  m^KMslol  tf^tuilv  i»  wvU  ¥«pK«s«nitifil  by  a  pieculiar  and  abandsoBt  ^edes 
^I)m^>«)<m^  ««/^V^)r»»H^'^v  Thv^  $t»r«&s^  or^  also  p<vular  (r>KiA(r} ;  and  aome  of  the 
bj^rohv  OMvl  uuirftlw  ^lU  yJl^yvj^WM  asii  LwAt)  ore  sz&aoBSiT  irmafkaWe, 
OM^  v>*jtii^  rw\v^J*«^  T^"'  v'^t*ae:K*rwl  sh^eZIi^  ^i>«*»»^  op^ronflt  tik?  amfiitp,  baring 
'Jli.^lNWftvNt  vV*ft|Jk*^'^>f  t\v«t  5ifte  oiicr  :y^  cc  jcwisasiie :  wiiit  ^he  i&shes^  of  which  tilic 
xiiWiaKHr  svf  4^*«<«i  b»  U::^  J^"  ^luso  ol'^^^cssei:  «Ck«ctBkt  icuiB.  aar  oil  ^oae  £nnd  in 

l«^  ^'^  cw^  v^^  ^'^  ^^w  rv^  $«ts»&%»tf  v«r  ^nesa:  ^'cwiL  w«e  sneet  wish  distiDCt 
\fi\v4^  vit'  «i^  <\QC<bi^  sVdt^  I5;:jc».\  «i>i  ^  j^^cttzil  r^rmit^  c£  ^Otf  iuc^  ami  isona  of  the 
«i^>MtA  Wiii      bii  ^-^  <v«it^   ^ttv-ifesiUMtj^  ;^>  Ttbafis'  w^»j««  ^ivssouus  ijie  has  ance 

>^<*h  V  ;»4»«*^  4»  H^\^mft  4e«^  V  ;^ii$cj:$t  a»hsi/^tftr  tM«KihewQ&  I^  Iibal  amt  ikuhaafar 
«4^jttM»>i^  4iW  4^  Hvi*i^>i  4j;  >c?«:t$«m&  >^  T«v^  ^  ^^fi«r  aatail  s^cus^  ^k-  iM^cHSs  of  a 

'i1u  ni^imsiinri  imr  r  ^  n  lim  "i  m  iT^nnndu  r  (imii  ifniM'-ni  sMTaMiianii  —  awaar 

•<w$tt  ^H|!lna  vJUMi^^iMmut  «ia.  'Orapi**-  «air  -it  ?<h»  >»^  -^^  ^tmifeBma   Itoae  oit 
4M»>«»'>-<e»  ^*«y  'oa  fct*.  >»Wi»'^  :6»  ■!»»  »wfc  3te*»  :»*«oa.  :»»>;  ^gn  1i».— u\i 
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suppv^Sixl  bird,  one  insect  (a  scorpion),  a  land-snail  (genus  Fupa),  and  a  few  eases  of 
minute  Crustacea  and  river  shells  of  doubtful  cbaractcr.  In  the  new  red  sandstone  the 
pUuiti  indnde  trao  zaniias,  and  approach  those  of  the  newest  secondaries,  while  the 
roptileB  must  luive  been  large,  numerous,  varic-d,  and  distinct,  and  the  ihellB  begin  to 
asMBhi^  known  fhraiiL 

An  these  points  are  im^vrtant,  as  marking  the  effect  of  time,  and  that  gradual 
apprazimatian  towazds  oxisring  nature,  which  becomes  more  manifest  as  we  advtncc 
toward!  the  recent  period. 

Oonqpned  with  the  older  rvx'ks.  the  now  red  sandstone  is  but  slightly  disturbed  by 
tiul:*;.  or  elevated  into  hfU  and  mountain.  Being  frecnendy  soft,  toad  containing 
r::jrly  K-ds.  the  sands  yieli  an  adminVlc-  53il.  especially  for  herbage,  in  various  parts 
ot  Enxrl-ind.  This  sandy  enir-iCttr  is  remarkably  prevalent  in  z:>=t  places  where 
the  rxks  c^the  r^^rl:-!  have  bevn  re-x-imise  i. 

Mi«ift  S«ii««.— Th:  rassii^:  rr.ns  the  new  r^cd  sandstone  ::pwndfl  to  tlie  lias  is 

:vcf.::s  thr  new  r:d  sc^ist.n:.  Tzis  :^-d  :f^en  ibrnnis  —1th  ::afl  rbuudb  of  fidies, 
;:r..l  :n  thit  .•.'.^-  is  r'.Ji.k-jni'd  :y  th:  jr^a-^n.-t  ::  i  lirpe  zjnintity  of  Kiiniil  bitameiL 
■  fi"^  in:hes  in^duiAnfs  rf  ^liis  u^T'j-iit:  *t:it  iKietKns  its  ehmcter 
:hr:v.^h  FTirir>>i  Over  i:  ar?  th=  :sl:.irr3at  flsgsunei^  called 
.s.    ilt.rcjcinf  widLsLiIdkasd  £gr  '-- th=  Iffwr  difiwaiflfthe 


..1...  ..»•. 


T":3;  liis  iaeif  ~ ust  ':•;  T^Ksrdec  is  Cie  £:sC*:«ec"=s  %«■  :i  the  wliole  Oc^nr  zmge. 
j".  'ir^:.  viri:>I.  ir..l  iv. y-.rcAn:  ssiss  :t  rxks  ss  :«ei:usiBi in ^~ r  md,  and  oa AeCon- 
:.":-t  ^:n-er:Cy  :-.l'.-.;  r-:.r-.ssv:. "S^isst-  :hi£*^  a-vtti^ed  m  thf  mrcaiainff  of  llie  Jnia, 
.rct-^-.-en  :>j:r.-.  :j:.;.  >— .:-:£i=L  Tikf!! «  a  Noanec  ~:^-  tibs  acEaea  xairjlves 
i  tor.«:l  :hl.-kn:sc^  ;:'  jl:  l.ist  n-s-c^.-^sEniiKt  rfwHa.^-:  his  firn^saeoBridaaUepart. 
-.n.l  .'.csiss  .-ikdy  ::  iltirnir: :a*  -:f  ^hafss^t*  a=i£  csi".  -s-.th  'it:  :-w  Ayiuaf  sand, 
.in.l  th.-«»  a:«  :i  £t.:.z  thi.in.-ss.  Ts=af^L£^os25  r:«*.th:r  —  l~c  i  T»f zitd fcansg  which 
i  ;■:«  «d  .v.-C  :t  '-,'^.1  -vi>:  h.v-.  ;i-_st.-i,  iz.1 -s-h-.n  thir-;  —  ir:  iL=.:  hi.i«  Vecs  a  good 
.l-.il  :i  ilijm.iti.n  ::  "..-.l      N ur:::r.-:jj  f.issls  ir;  r'l^i  —  ill  tJins.  -r^n^^m^  «c«?ding 

Ui.-'-ijr:.  "...-^  ;i.tir.5C^il.y-  in  -«-..s:.t.  in-l  -n  y:rLr  xni  >.-T:h  Jjhszitj-j^  '.*zt ^m^  ^assdia 
.>To,  .C;  rj.i 3.  3i£S:aa:m»  :;'  ill  iJi-i^  J:&iiT.£  t:  i  izs: vl-i-irf  :jl.  thie  MiaHaaas  of 
thi  :-ira  Bx:^  ^»  ivcwd.  T:..  r.=!:!rtl  trrLz:r:!ii-;jrt  LZti  ihscrTrTrEuiL  :if  -ik*  fjesk, 
fis  it:  at  i;  i^at  "Swr  MosBSCi-l ^-^  -5'T«=—  —  "^  f.L.winic  ius=janL.  ii=:  h  wiH  of 
:':-i2«  "Sr  3z;^*wc2ut  V  |sw  au.ir:  thfz:  t  ^:r7  ':mz  iL-.-.-iin:. 

"!I^  2^#-jr  "jam  ftWa  a&s»ir  r::.!rr:*i. ::  ss  tiu  *:!»{  zc.  rtii  crCiaL'ens  Tunirc  :-f  the 
;.»>  »  Will  SMS.  JC  Ijaiif  2^ir.5.  it.  ?«.irsi:C>i_r;.  woiCK  x  iicfiziis  wr±.  ^hEz^rasssdc 
i.iteDk  una^  w^*a  xc?  Jtssar  :z  zz^.'Si  r-.T-^irsuw  7nc£hcz.  r^mitns  fa-  -w^h  die 
.i.-cci.'  rx^  jcr  ar  ^vJI  i3L'w^  .^n^  cr^  tjj.  j{hdl»  ^uce  s  mn  s^^uaSx  dbmmssisac 
'-^ffiiur:  tFvmoB — ak  cr.M?  c  ?.:!%>Ll>iv  rdur^  i^,.  v^aiL  ^^-«  &  aBB»  la  aaiK  of 
-Hv  .-vnoflxcinmiwiis  VB^  .*c   ~~z:.    I  .izrzr.rrr     !I^  saiaL  :ii.->ad5r  a—Bmai  ^  wahJ. 

Til;     _K.N}mfMUL-»    AaChLvCM    ^     :..->       L    >:«:*. ..^  ^IVC    WX3.    ^^;^   SL  ^tt   31^%   ^BS;   lit 

':>.  -o^.'ils  .-£  tii^  ^msMT;  V-.  J:.-    l::Tcr.:i..vl.  iJmi^diru.':  sX  fa  3mafi«  ■mi''    j^ 
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v£,iaiof  Ar^tjs  TfaotTHOtiftnitfii 


UO  LIAS  AND  OOLITES. 


utripiMl  (whoutH>  it  is  supposed  the  name  lias  or  lat/era  is  deriyed),  and  abounding  with 
fowil^*,  is*  woll  sliown  ixv  Gloucestcrsliiro  and  Leiccstcrsliirc.  Near  Cheltenliam  there  is 
uLho  rt  whitish-gray  variety  called  marlstone,  sometimes  sandy  and  sometimes  more 
ealoaivou9.  It  contains,  among  other  fossils,  numerous  remains  of  wood,  thick 
luojiiios  of  rnerinital  n^mains,  chiefly  of  a  genus  (Pmtacrvtus)  peculiar  to  these  beds, 
anvl  of  wide  extent,  some  sea  eggs  {Cidarus),  many  bivalre  shells,  as  well  of 
fornix  n'i^enibling  existing  species  {Peeten)^  as  those  ^more  common  in  the  old 
r\H'ks«%  ttud  now  dying  out  {Spiri/cr),  There  are  also  vast  numbers  of  ammonites 
and  iK'lemuites,  tlie  latter  genus  of  chambered  shells  then  appearing  for  the  first  tune, 

!    while  the  ammonites  are  also  unknown  even  in  the  new  red  sandstone,  except  in 
the  modlthnl  form  of  ceratites— connecting  tlie  more  typical  forms  with  the  goniatites 

I    of  the  niovmttuu  UmestMie  and  the  cly  menia  of  the  Devonian  rocks. 

I         The  tl*lu\j  and  rx^ptiles  of  the  liiis  range  throughout  the  whole  of  the  subdivisions 
of  the  deiHvivt,  and  oven  extend,  either  by  identical  or  closely-allied  species,  into  the 
sivonvlary   grvnip.     They  may  thereforo  bo  regarded  as 
nondly»  and  cannot  bo  properly  referred  to  as  peculiar 
to  any  \>i\rt» 

The  uvivr  l\as  — otteu  worked  tor  alu:n  ;\:  'VN'^tby,  on  the  Yorkshire  cout^  and 
houco  v\uu\l  .:.*-•«•  aU.V— i$of  cv^ujiivlorablo  thkka.sc?,  and  contain:?,  amongst  itsdepOBta^ 
rt  thivk  bauvl  of  vogvH«Mo  uuittor,  in  which  aro  t'oimd  lumps  of  jei — a  peculiar  immt^tA^ 
^^^^^*i*tuvc  vhicilv  vxf  carKni  and  hvdrv^p?:!.  ,;nd  ii^  doubt  of  organic  origin.  Tkbpart 
of  the  lUs  aIa^  aVttUvU  with  the  fvv>;?:I>  airv\idy  allud^l  u>  is  characteristic  of  the  wIhIb 
siv'no*.  VKc  rv'»xaitt$  of  tish^*;?  aiivl  rv*t»;iUs  ;;rv^  o:^cn  so  nearly  p^rrfect  that  it  has  heen 
founvl  *>v«!^Mo  u^  rv\\>n«r;u':»  frv^^  the  skclotons  buried  in  the  rwk.  the  complete  fonn 
ot  tho  .i:\iv,iAl»  AV»d  ih'^*  britv^  v**-  *-^*-^  "^'-'^  th.^^e"  orpcic  fcnas  which  bare  for 
vx>r^.\d<  of  >Vvir^  \va  extuic:.  TlXs*  dsh  suvl  rx^tuo.  in  the  group  oi  fiissils  annexed 
^*,v  '^w^i-o  i^>\  A^.^  irtstATAN-^  of  the  uxvlo  r^  'nrhich  this  his  Ken  dose,  merely  by 


j    ^"  " t — ' ;      

uppi^r  tvH'ks  of  the  middle  sivoi 

I    having  bolongvxl  r»  tUo  ivrivxl  gvn 


at"C\  iv^;:  j-o  ;ho  tsvsils  a  vvr.xrvrs -:  kuow^ccco  of  vvr::;\irs:iTv  Azurony. 

Tho  Ai»;Cx>*v*:ioii  oi  :Ms  xXiotr\\i^\  c\^iuH::od  w::\  -  creat  aaoont  of  eamtruc- 
::\v  t,:\"::»  V,**  vi\\v,;^\\U  i'^  ;ho  «Tv^ar.>Js  of  :h:  Crvscil  Pslace  at  Sydenham, 
A  s."'..<s^;  3:rv*i:v<  w'  rv':?ts';x\l  ar,v..iilsv  vvsibinizi:  the  int^rvs;  of  lOBaoiee  with  the 
?;rt .-; v'-s:  xx-^rvl  vo  *.-:uju  trutii  of  rvv^v^'-^Ji-orL  It  is  i=:rosst5if  dus  may  one  can 
t>^.'ji  *»  *ak\iyitx*  ^is*  of  t^*  v'rr,v:  witlio^it  s»cv*=j:  aci  scuiiriac  tiheae  aingolar 
dufr.1  ;ffn^'-^  wif5-v»w^f.*e:5^  >»^-h  i5ic>:^if  a^sat^  jC  ;ij,*ist  szvdks  ia  whiA  tiure  is 
$^*,ve.t  o'*i^i^'^J*^?  of  i."«s;.  *=?.;  s;;;£c^;]x^  iidSLtvcjkV  t?.*ct  £n?wa  ^^^"^^  to jnstifr 
•550  :r»  A* 

OaUlk  SUtto  >— TV  wCx::?,*  sv-b,-^  i*  ,-\^:>ir.>I  vi  tsjxsa  f?cu3icT.  ccsasts.  as 
^i»  Xvc;  ai^x^Mi^  «kML  of  x^oc^sJiri:::j:  >»c&I*  ,*f  >:5=j,>acoCi-*  i=si  <uivsi.  wish  veiT  Kttle 
x:tr,i:^'«i:j^  $»»a$^.'iim^  ^"  V.r^ticocv*  juaax'jsc  ju^u^-s  rr«tjr:  a  souxjcr  appearance, 
Vt*^ ^jsoi'  ^  of  vsfcr  sawC":  ^^oj;;:.,-^  ^t  :ixl,\v  ^*  r>;  ,'f  i  fsi.  wooxfie  dbe  naaie 
•vfe^NotCiti-v  lv*l>  ^^'■vtt..  «>i  r^i»sZi^,^i  vwo  v/.^:.  jtj  a  jCfifSL^^^if  3ecsu    Tkaw  scsall 

x-"*a^.>i  x^tJi  :jcim,'  ^tcxxv  ,*r|pcrv  7i««i:4,'  Vfctikr  A'lt^rv :  i3ji  tabfwar?  ^Maaasd  to 

j^r£K\t^-'i  wa;i^>  ,v'  ils*  V :ic.  Z'  5.T,vits^'.Vr^>>  .:t  .-.^.i.-.  jsttroissw  snss^^^oiseas&and 
^-»v»t  ;:t  i-iv*  ^■v^'it:  V  >»1x\  iiK^  'iu'*v  xt^A  r!c,'33«,'  .rs^csCrjx  jaccinL  rafcrT- are  aeeoai- 
"^^teti^-Ht  >^  ,-i:o^  ^-Vx.-^!!  ,vffcaLJi  ^s.'im.''  ^vtfciit:  ^u?.ni2:j  is-  r*ij^  s-^rsM.'*  ^cs  whkh, 
-  r  iS^  :ift«C  >if*w  ,ft*E^  "tocLj-r^  r,-xa,;:S::j*jilk'' 
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The  fbiUowing-  la  the  ficFiipm^  of  theac  rocki  in  deUU  :— 

PoTtUmd  «md, 
Klnuneiidge  eluy. 
/  Upper  e«Lk  grU. 
I  Ooral  raff* 
Muimx  QouT»,  < .  ^  Lower  eale  grit. 
J  Oxford  nlKf. 
IXellowmj's  rock. 


LovBB  Oqlitu,  * . 


Forest  marbLty. 
t  Great  oolite* 

r  Fulkr'K  cartiu 


The  mferior  mliie^  woH  illustrated  at  Dundiy  HiQ,  Bridportj  and  Leekhampton,  iu 
the  west  of  England^  is  also  very  widely  distributed  ia  France  and  eke  where  on  the 
condaent  of  Eiit-opc,  It  kfcludija  mtuG  huUding  atones  greatlj  used,  and  somo  iron 
ores  not  without  volae.  In  the  west  of  Engknd  tho  availablo  portion  h  a.  freestone' 
imtj  or  iity  feet  thiek^  which  is  separated  from  tho  great  oolite  (so  Dolled  aa  containing 
tho  pttncipal  workahlo  heda  of  iton?)  hy  a  sories  of  marly  hcde,  claye,  and  onlcanceus 
flap.     Of  these,  tho  daya  often  oousist  of  what  ia  called  Fttii€r\i  eartA—tk  variety 
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JAW  OF  ooLinc  opomt'si. 


i%?/ 


DTfiAKTItt  (.1  IIU  CTOCnnr  FBOir  SL'M1»«T)« 


eontaming  a  large  pCTcentago  of  water,  and  valimMe,  from  Ita  highly  absorhent  qnolities, 
j  in  the  manu&ctnre  of  clothe    The  flagstonea,  under  the  name  of  Stonea^fid  slate^  are 
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kno^n  to  be  singularly  rich  in  some  kinds  of  ficMudl  remains ;  among  the  most  zemorkable 
of  whicli  are  the  jaws  of  one  or  two  didclphinc  animals  (opossimis)  that  hare  been  found 
there,  whilst  no  other  example  has  yet  been  met  with  of  quadrupedal  remains  in 
secondary  rocks  of  this  or  any  newer  date.  The  appearance  of  these  little  fossils  will 
bo  seen  from  the  figure  annexed.  "With  them  are  associated  numerous  vegetable 
remains,  consisting  of  leaves  and  fruits,  some  remains  of  insects  and  crustaceans,  and 
many  fragments  of  fishes  and  other  marine  animals.  There  are  also  bones  and  teeth, 
often  of  gigantic  proportions,  referred  to  land  reptiles,  including  both  vegetable  feeders 
and  carnivores. 

The  great  oolite  contains  the  celebrated  Bath-stoue,  and  other  almost  equally  well- 
kno\s'n  and  valuable  building  material.  It  abounds  also  with  fossils,  chiefly  univalve 
and  bivalve  shells.  Minchinhampton  is  a  particularly  rich  locality;  and  here  the 
corals,  sea-eggs,  ammonites,  bclemnitcs,  and  tcrebratulae,  which  are  characteristic,  are 
found  in  abundance.     Some  of  the  former  have  already  been  figured. 

The  Bradford  clay,  sometimes  alternating  with  and  sometimes  replacing  the  great 
oolite,  contains  a  bed  on  which  are  found  vast  numbers  of  fragments,  and  some  nearly 
complete  remains,  of  a  singular  crinoidal  aninial,  called  the  apiocrinite,  or  pear  encrinite. 
It  closely  resembled  a  species  figured  on  the  following  page,  but  was  shorter  andpedbflft 
rather  loss  elegant  in  form.  The  whole  of  this  lower  series  is  represented  ia-Torit- 
shii*e  by  ironstone  nodules,  and  hard  blue  fossiliforous  limestones. 

Tho  combrash  and  forest  marble,  covering  ilio  great  oolite,  consist  of  liiiirnfiiw  in 
various  conditions,  often  decomposing,  but  sometimes  scmi-crystalliiie. 

In  Franco,  tho  fine  and  valuable  limestones  of  Caen,  in  Kormandy,  beltan^toiilllii 
lower  part  of  tho  oolitic  series,  r.nd  contain  similar  fossil? ;  and  in  Germany  corrcspondihg 
bcils  are  known  to  exist.  In  scmo  parts,  both  in  o'lr  ov.-n  country  and  elsewhere,  the 
lower  oolites  contain  very  important  deposits  of  coal,  which  are  represented  in  York- 
shire (England),  and  extensively  worked  near  HiL-hniond,  Virginia,  U.S.  The  coal 
fields  of  India  appear  to  include  some  beds  of  oolitic  ag-*. 

Tlie  middle  oolite  is  almost  as  varied  and  subdividL-d  as  the?  lower.  TlhBi.KeUoway 
rock\  which  has  biH?n  lon^  known,  forms  the  base  of  the  deposit,  and,  thoo^Ji paltry  in 
England,  assumes  importimee  from  its  continental  development.  It  is  ft  kind  of 
calcareous  samlstone,  abounding  in  oigenio  remains,  of  which  tbe  OUrmkmanku, 
Ori/ph^ca  «iliiiat>r^  and  Ammonium  JasoH,  are  characteristic.  Thir  hot  fil  not  only 
widely  distdbutedin  Franoe  and  Gefnnany,  but  is  abo  well  represcntidiabCMcli,  near 
Bombay. 

The  Oxford  clay,  a  stiff  pale  blue  argillaceous  bed.  sometimes  attaining  in  T-nglaTnl 
a  thickness  of  oOO  feet,  is  the  principal  member  of  the  middle  oolitic  series  in  this 
country.  It  oocosa-oa  the  south  coast  at  TTeymoiith.  and  again  in  the  middle  and  east 
of  England,  uatilie  graaifcifc^n  district  of  Cambridgeshire.  HuntingdoaaaUn^  and  Unooln- 
shire.  It  rsBgea  throo^  Fran<.x>  into  Switzerland  and  Geu— ii|,  aoA.  is  widely 
distributed  in  ^>M^»tj  reaching  to  iha  akores  of  tho  Black  Sea  and  ^»'»»^*«g  the 
southern  extremity  of  the  Crimea.    It  Iiaa  been  (bund  als<)  in  Jsia  Ximfi. 

Anioc^  tfte  Boouls  of  this  d:  posit  an  sobk  highly  interesting  craakBoaflaa,  and  many 
chambered  and  odier  shell?.  The  dshe?  az-l  reptiles  of  other  part»rf1fca  oolites  extend 
hjre.  and  are  n:t  rjr-: ;  but  tI:o  organic  remains  are  oft.:ii  filled  wizb.  iron  pyrites,  which, 
dceo:r:;?csinj:  roadi:y.  s^'-rn  do^trrv  ail  trace  of  th-?  for:n. 

Therv?  are  oiku  calLartcus  boos  intcrvoning  bttween  thj  Oif-.-rd  cLiy  and  another 
very  .similar  and  also  thieit  bed  bt^Lon^fiji^  to  ths:  upp«:-r  oolites.     Thx:  most  persistent  and 
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distmct  of  tbE^so  ia  a  coral  "bank  of  no  great  tticlmesB,  contamin^  oftco.  a  good  many 
flhella  and  Homo  encrmites ;  of  the  latter,  the  epeciea  figured  on  the  preceding  page 
13  sufficiently  perfect  to  givo  an  aocurate  idea  of  the  peculimtiod  at  the  genus  of  wMdk 
it  is  a.  memljer,    Tho  corals  dlETer  but  little  &om  many  eixiating  speeu^. 

GBOCrP   OF  UPPER  OOIJl:B  fOMlLfi. 


taiGOHU.  CIBDOSA^, 


CYUADEOIOIA, 


QBrYVMMA  TI&GULJl, 


In  the  absence  of  the  corii  iflg  and  other  calcareous  mombeca  of  the  middle  aalite% 
the  Kimmciridge  cla^j  tho  lower  part  of  tbe  upper  oolltio  sorioUj  reposes  on  tlUJ  Oxford 
dajj  producing  in  that  case  tho  fen  district  of  the  east  of  Engkfui.  It  U  characteriKed 
by  tho  Gryplic^tt  itrffultt,  which  k  in  some  districta  {chiefly  in  Franoe}  Tery  abuudmit, 
and  apreads  over  a  large  tract  of  country  in  western  EuropL^,  where  the  clay  and  lime- 
£tonQ€  of  the  same  age  are  met  with* 

Numermis  roptiiGs,  of  which  turtles  and  alligators  wore  tho  moat  comm^m,  sedu  to 
luiTO  inhabited  tho  seas  and  muddy  shores  -  but  thcBc  differ  but  little  irom  those  alicadj 
alluded  to,  moat  of  which  were  common  to  th**  wbolc  secondary  period.  like  those  of 
tiie  Oxford  olay^  Ihc  fb^^  j&om  tho  Kimmeridg^  bcda  ato  rarely  to  bo  pi^dorred  for 
any  conaiderablo  time. 

Tho  Forthmd  beds,  couEilsting  chiefly  of  hard  limoiftones,  contain  Bomc  beds  of 
admirable  freestone ;  and  theso  alternate  with  thin  bauds  of  a  browu  substance  resembling 
Itgnite,  and  called  locaEy  the  diH  §e4.  This  k  in  reality  an  ancient  soil,  on  which 
grsfw  numorous  trees,  some  aUicd  to  tho  Gycaa  and  Zamia  (see  €y€adeo4dea^  figured 
above),  imd  othors  more  liko  trees  now  LlTing  in  similar  latitudes.  In  the  Portland 
llmoatonoar  which  arc  very  limited  in  their  range  in  the  British  Islands,  there  arc 
numerouM  fish  and  reptilian  remains,  and  a  largo  number  of  shells. 

The  north  of  Bavaria  exhibits  a  large  deTelopmout  of  oolitic  rocl^^  chiefiy  of  the 
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laJt^  middle  and  meirer  perLod,  omongti  which  are  tho  r^^umrkoble  and  valuabls  litha- 
grapMc  lim^ston^s  of  Soluhofmit  rioh  in  foit&ils  of  Tadoui  kinds.  The  fadeil  craj^&Lh 
{Ery^n  an^ifirmia)  (sec  p.  99)  is  from  thi«  deposit,  mid  numerous  other  nemauu  in 
Bin^uLir  pcrfcctioti  have  hccn  ohtaincd. 

^Te^deii  Sezlei.— The  doac  of  the  oolitic  period  does  notee^m  to  hcLTcbcca  marked 
in  England  by  any  violent  diatnrhancQ,  norf  on  the  otbjer  hand,  do  the  rock&  paaa  inaaji* 
dbly  into  those  of  the  crt^taeeous  ieries.  There  Ib  a  conaidertLhlo  group  intercalated^ 
mftnifeatl^r  fertned  undei-  Ireah  water,  and  thus  marking  an  interval^  whicl^  in  spite  of 
careful  obeervatioii  en  the  Centinotit,  where  the  inlcrvealng  beda  are  ahsent^  lias  not  bcien 
full  J  accounts  for.  It  is  clear  that  a  largo  tract  muat  haye  hcon  previauBlj  eloYated 
into  a  position  enffieieutly  near  the  gix}und  now  occupied  b^r  the  weald,  to  hare  admitted 
of  tiifl  ftfiOmnnloMon  of  tho&c  large  freah- water  depoaita;  imd  wo  may  fairly  assume  that 
fhsjip  aacfainly  was  a  large  extent  of  land,  though  it  may  not  have  approached  m  mag^ 
nitude  many  exiiftktg  islanda. 

The  weoldcn  depodta  consist  of  the  Purboek  beds  (inunediatelj  orerlying  tha 
Portland  rock),  the  H  ostingi  sand^  and  tho  weald  oky.    The  latter  is  in  ita  turn  coTercd 


OEOTTP   OF  WEAiDEN    FOSSILS, 


CTTH£B£  AUaiOtJJLiTA* 


u>rio  WAUJK^eja* 


by  the  beds  of  lower  greensand,  finely  developed  in  the  south-east  of  England,  though 
ikr  more  largely  in  varieua  parts  of  Continental  Europe, 

The  Pujbeck  beds,  as  shown  in  the  islands  of  Portland  and  Purbeek^  and  repeated 
in  other  parts  of  tho  sonth-eaat  of  England,  consist  of  coarady  fiBsile  Umeato^a  -aisA 
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daty  days,  of  which  liiere  is  a  singularly  numorous  alternation.  Some  poitionfl  of  the 
series  form  a  kind  of  shelly  marble,  formerly  much  used  in  cathedral  woik  for  smaH 
cohimns.  Most  of  the  beds  abonnd  with  fossils,  chiefly  of  fresh-water  diellBy  and 
numerous  fragments  of  turtles  and  some  reptilian  remains  prove  that  we  are  exaodxmig 
in  these  beds  accumulations  made  in  the  immediate  yicinity  of  land.  The  total  thick- 
ness of  these  deposits  exceeds  125  feet;  but  they  are  confined  to  a  small  area. 

Overlying  the  Purbeck  beds  is  a  comparatively  large  series  of  sandy  depoaitSy  which 
forms  the  great  thickness  of  the  wealdcn  series.  The  Hastings  sand  is  the  lurme  ooan- 
monly  given  to  these  beds  by  English  geologists,  and  they  have  also  been  called  Tilgate 
beds.  They  are  well  shown  as  soft  sands  in  the  Hastings  cli£^  and  in  the  oaTetna  cnt 
in  the  rock  close  by ;  and  as  hard  beds  used  for  building  stone,  they  are  qnanied  in 
Tilgate  Forest  and  Tunbridge  "Wells.  This  part  of  the  weald  occupies  a  large  space 
1>etween  the  chalk  hiUs  of  the  north  and  south  Downs.  The  Tilgate  beds  have  yidded 
numerous  fragments  of  some  of  the  most  remarkable  reptilian  fossila  yet  diflooveted. 
The  iffuanodonj  a  land  lizard,  whose  teeth  (see  page  101)  and  jaws  indicate  an  animal 
of  strictly  herbivorous  habits,  but  exceeding  in  size  the  largest  elephant,  waa  acoom- 
paniod  by  the  equally  gigantic  and  carnivorous  megahsaurtis,  and  by  the  two  yet  more 
curious  reptiles,  the  hylccosannis  and  pterodactyl. 

To  form  any  idea  of  these,  the  reader  must  make  acquaintance  with  the  ancient 
world,  as  represented  in  the  grounds  of  Hie  QxjfhSL  Palace,  and  wiQ  there  find  restora- 
tions of  the  animals  sufficientiy  perfect  to  ilhtftnto  this  reptilian  epoch. 

The  weald  day,  a  band  of  argillaoeou  nwk'widk  aome  poor  litniiitwwi,  oanbBiiing 
fresh-water  shells  and  other  fossils  imcmkaAm  4fae  vealden  aeiua.  Ite  liniMtiHic, 
known  as  fiossex  or  Petworth  maiUe,  nHoUei  fte  Barbeck  nuoUe^  but  iB  nnely 
more  than  &  fisot  in  thickness,  ani  hk  -mfy  ^aifidDy  seed  for  fwwmnin  imi^uMs. 
The  clay  eztoids  round  the  whole  weriiBi  jhlrirti,  Irat  poMeim  iknr  fcaUigaa  flf 
interest. 

Iiower  Oreensand  Series.— Gaeflpt  m tibe Bis Boulonnau^  a muM tntik  n¥um» 
exactly  opposite  our  wcalden,  vrith  whioihil  ooattfmAi  in  many  ntpMttf  (lu  Wb  ef  Che 
weald  are  not  repeated  in  Europe.  Nor  is  it  pwMde  that  there  AmU  lo  mmf  mush. 
repetition.  The  contemporaneous  beds,  ^  which  we  have  many, 'WwepraWb^f  not 
deposited  ISfce  these  in  a  river  estuary,  near  «  iflCge  tract  of  land ;  and  «m  if  fkaf  were 
aecumaUtod  sear  land,  were  so  under  veryAiflerent  circumstances.  Thusparta  cf  extensive 
depoMtftift  Gcomany  and  elsewhere  have  bem  assumed  to  represent  the  wesliflmui  point 
of  dtfto,  laoi  have  no  resemblance  Avhatcver  m.  mineral  character,  and  littlBy  ilt  any,  in 
fosdl  lomteBts,  Hxey  mcrdy  appear  to  be  intercalated  between  those  beds  whose  fossils 
ppove  fkem  tn  be  eontemporancous  with  the  upper  oolites  and  beds  of  the  age  of  our 
gnensanda  OYOrlying  the  wcalden.  The  marine  scries,  connecting  the  oolitic  and 
Gnetaceoos  Byatem^  are  for  the  most  port  either  altogether  absent  or  very  uaperfectly 
rejinsented  in  the  British  Islands,  as  a  natural  oonaefacnce  of  the  eristewoe  «f  iaigc 
tracts  of  adjaocat  land  at  this  period. 

AroBStd  &e  town  of  Neufchatcl,  in  Switzerland,  and  over  a  large  tratft  !n  Prance, 
are  deposited  those  beds  which,  from  the  former  locality  (Latin,  Neocomum)^  are  called 
neocomian.  They  exhibit  in  some  places  a  thickness  of  as  much  as  10,000  feet,  and 
extend  not  merely  in  the  countries  already  mentioned,  but  along  the  shores  of  the 
Hediterranean,  and  throughout  Germany.  The  prevailing  rock  is  sandstone,  which  in 
many  places  contains  grains  of  silicate  of  iron,  giving  a  green  colour.  These  are  some- 
times  replaeod  by  the  peroxide  of  iron  communicating  a  deep  red  tint;  and  not  unfre- 
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qxientl J  on  the  Coatment  the  percentage  of  metallic  irom  is  sufficient  to  justify  the  nse 
of  some  h^nda  as  iron  ore.  ELscwhere,  hoverer,  the  iitm  is  altogether  tibmaAg  and  the 
rock  white  and  eren  chalky  in  its  texture,  while  in  the  Alps  it  is  iijilmilij  lilwiiiili 
maiij  limfstmifis  and  chloritic  limestones.  Owing  to  the  pseralcoee  of  tihe 
partkles  in  rocks  of  this  age  in  Engtand,  and  also  in  other  ■rndthwci  dlitOe 
geological  position,  the  name  lower  mxi  t^per  gneKMtuidt  hare  heen  wpp^tA  tD 
scries.  The  en<Hmooaly  greater  developnient  of  the  fivmer,  howercr, 
distrihndon,  render  it  desizahle  to  change  a  ncmipnrlatnre  Ibimded  on 
Tstion.  The  name  meoeomiam  has  thus  heen  nsuallT  adopted  of  late  jmtm 
of  this  lower  memher  oi  the  creCaceons  series.  The  npomniian  §amSk  indiidi  ftlvge 
nnmlx-r  of  «p-:-cie3,  showing  a  gradual  change  from  oolitic  types.  Bendes  angr  liaBgi- 
fonn  sjid  coralline  bodies,  and  a  few  radiata,  there  are  rnxmenms  Adla  mad.  cnnteeean 
remains.  The  former  include,  amongst  biralvcs.  sereral  pectens,  cazdnmu^  and  allied 
dieDs,  and  nnmerous  terebratnis  ^see  page  103\  There  are  also 
shells  beLuiging  to  a  tribe  now  extinct  [Sph^tmiiUt),  which  fi:st  s^pear  in  tibe 
rodkS*  and.  althon^  nre  in  these  lower  beds,  were  afterwards  mcxre  common.  Sflfcral 
ammonites  and  the  remains  of  fi^yly^  amongst  whi^  mar  be  mcntioDed  the  dcAnaive 
£n  of  one  of  the  shark  tzibc  {xe^gfoeailehtJ^yodanilUe,  p.  103},  are  also  fimnd, bssideB 
nnmerous  remains  of  reptiles,  some  of  gigantic  prv>portians.  md  generaDj  of  mmnm 
habits.  An  these  mark  the  dose  resemhlance  of  the  cooditioDs  of  dse  aes  with  that 
which  obtained  dnrinz  the  oc&ic  and  eren  the  liaasic  period.  Xi 
shells  pTviTC  the  existence  cf  a  wide  expanse  of  shoie  and  dialkrw  aea  in 
while  elsewhere  the  ^rcai  iLi:kn£ss  of  the  derositSL  the  scaU  number  of  fiMsSs  and 
their  nanre.  rends-  it  J■rc.lA^-!e  tlat  the  sea  was  extressf^  deep. 

The  bed,  called  on  tlf-  Yjckslire  coast  SpaUm  dg%\,  and  elsewhere  Conniiig  the 
up-«6i3i0£t  capping  of  the  l:"»er  cremeofos  9erie&  is  s;dBn^:'T  distinct  from  the  great 
aess  of  neoeomian  deposits  :o  jnsdiy  a  separate  descripti-m  It  has  aonetimes  been 
regarded  as  belonging  to  the  miaftf-  part  of  the  crcfliaccicas  series,  and  nnallY  oonsiBts 
of  a  plastic  da j,  often  fo3ia£ed  aood  decomposing  on  exposme  to  the  air.  In  TnffmnA 
it  is  of  i»  great  thickness,  but  contemparanecqis  beds  in  the  Alps  hare  a  t1ri#-Vtw»—  of 
npwvds  of  600  £Mt.  It  is  widdr  spread,  and  has  even  been  tzaced  so  fu*  as  at  Port 
Famine,  in  t3ie  Straits  of  HagdOan.  whence  fossils  hare  beien  brscrht  whidi  are  re&ned 
to  this  period.  The  Jtrntylooa-eA,  a  singiilar  modificaxkm  of  the  ammonite,  and  the 
I%e:^  a  banlre  Adl  (see  j^Lge  10-T.  are  zvsgaided  as  chsmcteristic,  and  are  found  in 
abuadf-nor  in  certain  localities. 

CS«mlt. — A  Toy  wiell  marked  band  of  bhie  cIst  cxtcads  ercrvwhere  in  England, 
I«twcc3i  the  uppei  most  beds  of  the  lowo-  gvK:n  sand,  c-r  netocasdan  series;,  and  the  so- 
cxZlcc  iipper  cTHSsmd.  I:  is  known  IctcaUr  as  ih(  pav^^  and  is  often  naed  as  a  bnilding 
d£v.  Elsewhere  ii  is  oombdncd  with  pale  ctks.  or  whitish  sands  and  aandstone^  but 
is  tolanbilT  lY^ralax  as  a  tianidtaoin  bed  bctworai  the  nppexinost  -nwnwutw.!  ^^  chalk 
dcpofdtsv.  Its  cTvatrst  thickness  hazdlr  cx«?eds  cant  hxadned  and  £fiT  ftet.  It  was 
pcv^hsbhr  dqMsitcd  in  a  shallviw  sea.  near  shcov.  The  TurriUlr^  an  ■H«wM»wty  "wiOi  an 
dongated  s^pire,  is  often  iocnd  in  the  gaiQi ;  and  conlHncs.  sea-nrddu^  and  tneUatuLe 
(see  page  105)  are  also  abxmdant. 

JfpfVi  ChPMttMOiA. — Somewhat  higgler  in  the  scries  oocms  &e  iffgpfr  fttaiuutd 
of  Englii^  geologurts*  well  c^nbdt-^d  in  the  Kla^down  iiUis  in  Dewnsfaire.  This 
VxuQitT  has  long  bocn  rcacuckahle  as  aKtcnding  in  fossiijv.  manr  of  wlndi  are  almost 
confined  to  the  locvdity.     They  sre  nanaikabhr  wdl  pEVscrred,  and  Toy  Taxied  in  their 
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natma.  Ilbqf  taludc  sponges,  sea-eggs,  numerous  minute  foraiiriHSM%  biyaLye  shells 
of  naaoOB  Unfis,  umiyalyc  shells,  amuuuiitoi  and  belenmites,  tomtttm  TMt  liaTnitm^ 
emmtaamamf  ifrvgments  of  fishes,  and  reptilisn  temains.  A  grsq^'^f-sodttlMHi^^iore 
iiMMulhrfble  and  characteristic  will  be  found  azmexcd. 

Tow  BlacVdown  Tuppqryecnsand  is  repreflimted  on  the  Contiseat%' 
in  France,  Ify  psrtB  of  ikb  QnaciBBMatohna  of  German  geologists,  tiia>tipperi 
sandstone,  and  by  seresral  ndt  ummportant  deposits  in  Portugal,  near  Usbon, 
(at  Oyiedo).     The  rest  of  the  upper  greensand  of  England  (the 
of  the  same  date. .  In  Spain .  the  thickness  of  beds  of  this  period-lla 
hundred  feet,  according  to  the  estimate  of  M.  de  Vemeuil. 

Extensive  beds  of  lignite  have  been  found  in  some  of  the  dapdaita  -rf  tf  Jh  pitiod. 
There  has  evidently  been  a  considerable  quantity  of  wood  and  o&Br^nfpMlflk  matter 
floated  down  with  nmd,  and  more  or  less  injured  by  exposure.  Xbe  Iblbatoitain 
amber  or  fosaQ  resin,  and  much  of  the  wood  is  pierced  by  marine  woODe,  imflwujiidby 
oysters. 

Upper  Gsetaeeous  Series. — ^The  uppermost  member  of  the  whdieABaBHhsry  series 
reposes  directly  upon  thin  beds  of  marly  impure  sand,  and  white  or  ^gagr^mA  nsoaUy 
succeeds  the  upper  greensand,  passing  upwards  into  white  chalk.  Infl^lMK  tlua  part 
of  the  upper  division  of  thetcretacccms  system  is  represented  by  the  oihaftaKrl  and  the 
lower  chalk  wilihoat  flista,  but  elsewhere  it  forms  a  distinct  deposit  contifidv|f  numerous 
remains  of  that  yeiy  remarkable  fossil  family,  the  Budistes^  already  alludrittkl  in  speaking 
of  the  lower  greensand  sphacrulite.  The  dhalk  marl  is  so  far  developed  bl the  Touraine 
district  of  Franoc),  :£hat  it  has  been  received  among  French  geologists  aa*the  Turonian 
system.  It  is  also  seen  in  Spain,  where,  near  Oyiedo,  the  thickness  is  stated  to  amount 
to  six  hundred  feet.  Besides  the  Rudists,  of  which  the  hippurite  and  crania  (see  page  109) 
are  good  examples,  there  are  numerous  chambered  shells,  including  some  ammonites 
of  gigantic  proportions.  The  small  trj^miti  'ffmt  page  109)  is  characteristic  of  this 
part  of  the  chalk. 

Overlying  the  chalk  without  flinte,  which  is  gaibBrally  somewhat  impure  and  argil- 
laceous, wo  have  the  pure  white  othalk  of  England  narked  by  fliiCfc  bands.  This  bed 
is  too  well  known,  both  in  its  mineral  oSiaiacter  and-fiataibution,  to  require  any  descrip- 
tion ;  and  it  extends  not  only  thro^Ti  oor  own  iAand,  from  Dover  and  Beachy  Head 
to  the  coast  of  Yorkshire,  but  crosses  "fihe  Genmaoi  Ocean  to  Denmark  and  the  British 
Channel  to  Normandy,  whence  the  beda  are  oaBrfiinucd  through  a  great  part  of  Europe, 
meeting  at  last  on  the  frontier  of  Asia.  Rocks  of  the  same  age,  but  of  different  mineral 
character,  are  found  in  North  America  in  various  localities,  and  extend  into  Central 
and  South  Americft.  The  total  thickness  of  the  white  chalk  reaches,  in  some  places,  to 
one  thousaiEd  feet. 

The  fiwlfl  -of  lihe  ivSixte  chalk  are  all  marine ;  but  they  are  abundant  and  varied, 
includii^anmieFona  sponges  and  fisraminiferous  shells,  sea  eggs  aodaea  urchins,  bivalve 
shells  (afurHch  Tngoma^saSi  I'lagioutoma  arc  both  common  and  charactoahtic),  and  uni- 
valve shdBa,  also  remarkable  (seepage  100).  The  chambered  shells  xnclaiam  variety  of 
ammonite^  msiA  allied  finnns  expanded  in  singular  shapes ;  and  Okie  gems  yBeUmniies\ 
very  common,  indeed,  among  all  the  secondary  rocks,  from  the  lias  iijiw^aiiisi^^p^ars  here, 
together  wilL  anmy  other  ccphalopodous  shells  for  the  last  time.  A  WfuaeSfA  nautilus 
(see  page  109),  feond  in  the  newest  chalk  deposits  of  Denmark,  and  a  large  marine  reptile, 
the  mesosaurus,  of  wiaoh  remains  have  been  chiefly  found  near  Maestricht,  but  also  in  our 
own  chalk,  belong  to  tbe  newest  beds  of  this  series. 
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Remains  of  fishes,  and  of  several  of  tlie  large  reptilian  animals,  neaily  remnUing 
those  of  the  oolites,  arc  found  in  the  chalk ;  but,  in  addition  to  the  fisnuTy  tlun  tro 
a  Tast  number  of  fishes  introduced  for  the  first  time.  The  whale  depodlft  of  the 
chalk  seenu  to  have  taken  place  in  deep  water,  when  there  wis  a  zemaifcaUe  abm- 
danoe  of  calcareoos  mud. 

Hie  chalk  has  always  been  regarded  as  the  hig^iest  deposit  of  the  ifimiMhiy  MDeB, 
and  is  certainly  the  last  formed  of  those  rocks  whose  Taried  organic  oontentshcfeanlled 
naturalists  to  deduce  the  exact  conditions  of  the  particular  districts  during  tihe  time 
when  the  deposit  was  progressing.  Strictly  speaking  also,  there  are  no  hedt  Ulherto 
found  lying  above  the  chalk,  and  showing  that  kind  of  transition  idiich  lins  been 
recognised  in  other  cases  of  older  rocks  where  a  succession  exists.  Bat  althongh  this 
is  the  case,  there  are  extensive  and  thick  deposits,  containing  fossila,  either  oonls  or 
fisraminiferous  shells,  which  have  been  supposed  to  represent  the  period  that  ck^ised 
after  the  completion  of  the  cretaceous  rocks,  and  before  the  overlying  tertiazies  were 
commenced.  Such  rocks  occur  in  the  Mediterranean.  TheSca^liasjidAlbereaeotltBi^aJi 
geologists  would  seem  to  be  strictly  representative  of  parts  of  the  cretaceons  setieB ;  but 
the  Madgno  is  of  doubtful  age.  Some  of  these  rocks  have  been  originally  deposited  in 
very  deep  open  water,  with  a  comparative  paucity  of  fishes  and  the  absence  of  littoral 
species  both  of  fishes  and  molluscs.  i 

aecayitwlatlon . — ^Having  now  considcxt'd  very  briefly  the  principal  depositi  fliat  in 
England  and  on  the  continent  of  Europe  succeeded  each  other  in  regular  order,  dnringthe 
whole  sc-condary  period,  it  may  Le  well  to  gioop  tog^ither  the  principal  fscts^  as  fiv  as 
possible,  and  pr\i?sent  the  rcadi  r  with  a  kind  of  general  summary  of  the  eonditions  of 
existence  in  that  part  of  the  woiid  at  present  occupied  by  our  island.  To  do  this,  we 
shall  have  to  appeal  a  linle  to  the  imagination,  in  order  that  the  reader  may  picture  to 
him.self  its  possible  appearance,  could  those  strange  sc  coies.  once  enacted  here,  be  recalled, 
or  could  a  reasonable  being,  like  man,  have  been  present,  as  a  witness,  at  the  com- 
mencement of  the  deposit  of  the  secondary  rocks.  At  this  time  the  earth  had  indeed 
long  exisud  as  the  habitation  of  living  beings ;  but  we  are  here  first  made  acquainted 
with  the  actual  condition  of  the  land  and  with  the  animals  upon  it  and  near  it. 

We  may  first  imagine  a  wide,  low,  sandy  district,  by  the  sea  side ;  the  limestone 
hills  and  clii&  now  rising  boldly  on  the  shares  of  die  Avon  and  in  Derbyshire  and 
Yorkshire  had  then  been  recently  elevated,  and  formed  part  of  the  land;  and 
on  the  sandy  banks,  just  above  the  drdinary  level  of  hig^  water,  wandered  ancient 
and  CTTignlar  ■«?wi«l«  of  which  a  few  fragments  only  have  been  banded  down  for  our 
observation.  Amongst  these  we  may  safdy  enumerate  one  little  lizard,  with  a  bird-like 
beak  and  bird's  feet,  many  turtles  and  tortoises,  and  a  multitude  of  birds — some  larger 
than  an  ostrich,  others  as  small  as  our  smallest  waders.  In  South  Africa  tliere  were 
also  reptiles  of  considerable  size  and  in  great  varic  ty.  whose  two  tusks,  in  an  otherwise 
unarmed  jaw,  strikiDgly  diainginsh  them  from  any  of  their  oontempararies. 

But  strangest  of  all  among  these  would  appear  the  gigantic  labyrinlhndon,  and  its 
smaller  oongcncra.  One  of  these  animals,  nearly  as  large  as  a  rhinooens,  eomei 
leisurely  pacing  over  the  sands,  leaving  behind  it  the  vast  imprint  of  its  hind  tel^  en^ 
trasting  oddly  with  the  little  toes  of  the  fore  extremities.  One  of  the  smaller  of  flian 
ffT^iTwal*^  pxv)vidcd  with  a  long  and  thick  tail,  recognised  by  the  mark  wiHi  iHiidi  it  las 
indented  the  soft  mnd  it  passed  over,  may  have  soux:^t.  perhaps  snooeasfnlly,  to  eecqie 
from  the  attack  of  its  lax^gcr  but  slower  enemy.  Both  would  approadi  the  water 
as  the  best  field  of  thoir  exertions,  and  we  should  soein  have  no  Testiges  of  their  having 
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Ihh'u  prt'oeiit,  hoyond  the  imprints  of  their  £aa^  made  ontlie  rippled  soifiMiMi'AftteBA- 
i'iouB  mud,  us  thoy  pasttod  along. 

0(  tho  plnnti«  nf  the  now  red  sandMooe  period,  there  is  quite  i 
to  ou;ible  ua  to  astiumo  with  confidmea  thok  fhej  di£fcred  caaniHili^fti«AMft«f 
the  otuil  ivriod,  but  that  .><ull  foni  migptetion  ma  abundant. 
thi>ii};h  in  a  nunliiiv  d  form.     Wo  know  of  no  ioaeets  or  quadruped  i 
ImWy  o\is?od. 
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ilfj  A  irotNMoifl,  ftlio  dcfdodcd.  With  mmumcraliliQ  arma,  widely  extcndad  in  « 
liMitod  Mnge^  Qm  mvaa  of  living  stoma  bccuia  to  have  served  m  one  of  the  lettvoii- 
if  die  doepi  numoving  ami  asiiimktizig  the  hulf-deeompoflcd  luumal  mitor,  th&t 
i  ottfiTWiBe  haw  provod  injurious  to  tho  inhfibitaiLy  of  tho  gtuTOUBdiBg  hmd. 
lule  the  pfiiktaennite  thus  floated  About,  conveyed  hy  iQio  drift  wood,  the  ojit^i^re  of 
tiii#  won  phmting  Uwrnselvea  at  intorviUij  i  ond  tho  ti  rtjbnitulio  oad  spbriferv,  aviited 
imatotifl  cmbi  and  other  cruatocean  onimdls^  i^ppciir  to  hiLvo  found  amide  food  in 
nu  tvoi^Qing  with  Iife«  But  of  all  thu  iavertobratiii  with  tho  C^uoptien  porh^g  of 
dngiilar  taiho  just  deseribod,  nomi  wo^ild  be  more  pnominenl  or  wntiyvlj  cmployod 
tJte  inhiihitants  of  thoie  nmny-dbanilKirc^d  sbuUa  lliat  have  nlreadf  been  aevenil 
aHnd^  to  as  highly  chnracti±n^tio  of  tjic  accoiiJiiry  period.  Of  these  animab*  the 
miU  and  the  ft&iUUm  were  then  abundant ;  oud  tho  yorit^ty  of  forms  presented  by 
icme^  genus  is  only  loss  remarkablo  than  tluj  number  of  iho  remains  of  individuals 
L  ard  ^iimd  throughout  tho  lia^  eoUei'tud  in  partieulnr  loealitics.  These  croatuies, 
r  iiudoaed  in  their  sbellsp  floating  and  swimming  ut  \'iu-iou»  deptlis,  and  acoomi^ 
i  by  the  yet  more  powerful  and  rapacious  iteiemmtf,  I'ondcrcd  the  mullusea  tL  vej^ 
iamt  ^foup  at  the  period  in  quoitian* 

tie  shores  and  ehallowa,  and  probably  also  Uig  ojicn  sea  to  aomo  distance  fi^m  lant], 
at  tiiis  time  peopLud  by  multltades  of  modcrotc-gizud  fifihee,  varymg  £rom.  a  few 
s  to  thiee  or  four  feot  in  lengthp  living  elucf!y  on  the  cmbs^  lobsters,  and  shell-fltih 
ncma  kinds,  whieih  we  havo  reason  to  know  were  extremely  abimdant.  Those 
hod  a  hard,  solid  pavement  of  teeth  coverinfj^  tlie  palate,  to  uiish  tJie  shells  and 
easea  of  their  prey,  They  were  themselves  aL^  inelodod  in  a  strong  emunoUod 
IT,  ajod  perhaps  fed  net  only  on  o^,  and  on  the  lo;^  poworful  iavertebiato,  but  on 
other.  Fur- 
mt  at  sea  wero 
\  of  otuurkSf  of 
Hi  siE€s  and 
ent  specicB^ 
bB  Toraeioui 
^redacseoQB  in 
ighoit  deg;reO| 
lome  of  them 
ling  very  large 
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the  lotda  of  ereatlon  in.  the  Iios  suas.     From  the*  bankj»  and  ehoals,  crowded  with 
Ldf  of  living  beings,  tho  great  Tktmawugj  ynth  its  long  nedk  and  small  wedge- 
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shaped  head  lifted  high  in  the  air,  might  he  seen  paddling  rapidly  alcmg,  pLnn^ng  into 
the  deep  water,  and  there,  like  the  fabled  sea-serpent,  darting  throng  the  iraTes,  and 
occasionaUj  striking  with  unerring  aim  at  its  prey,  consisting  probaUy  of  fishes, 
turtles,  and  the  larger  cuttle-fish  and  other  cephalopoda,  which  were  so  plentiful. 

Next,  let  us  picture  to  ourselves  some  of  the  deeper  abysses  of  the  ocean,  and  seek 
for  the  powerful  and  rapacious  monsters  whose  abundant  remains  prore  how  important 
was  the  part  they  then  played.  Prowling  about  far  below  the  sur£EU^  but  with  an  eye 
glaring  upwards,  like  a  large  globe  of  fire,  the  ichthyosaurus  may  be  supposed  to  dis- 
tinguish the  work  going  on  above,  and  watch  the  plesiosaur  in  its  search  after  prey. 
Suddenly,  and  with  one  stroke  of  its  powerful  fore-paddles,  and  the  powerful  action  of 
its  huge  tail-fin,  it  rises  with  the  velocity  of  lightning  to  the  sur&ce ;  its  vast  moutii, 
Uned  with  formidable  rows  of  teeth,  opens  wide  to  the  full  extent ;  it  overtakes  the 
object  of  its  attack,  and  with  a  motion  quicker  than  thought  the  jaws  close,  andpeihaps 
some  plesiosaur  falls  a  prey.  Not  always,  however,  would  it  fill  a  resistlees  prey)  or 
die  imrevenged,  for  there  can  be  little  doubt  that,  with  the  advantage  of  position,  the 
stroke  of  the  head  of  this  slight  but  active  reptile  might  occasionany  reverse  tiie 
picture,  and  insure  victory  to  the  less  powerful  of  the  combatants. 

The  plesiosaurus  and  ichthyosaurus  were  but  two  of  several  genera  of  large  reptiles 
whose  more  or  less  aquatic  habits  have  been  the  cause  of  their  remains  being  preserved 
in  the  lias.  Some,  as  the  teleosaurus,  resembled  the  garial,  or  crocodile  of  l^e  Ganges, 
and  were  more  abundant  in  more  modem  deposits— others,  such  as  the  pterodactyl,  being 
dependent  on  land  to  some  extent,  are  rarely  met  with.  Probably  many  of  the  new 
rod  sandstone  reptiles  extended  into  the  lias,  and  ranged  through  the  whole  period ;  bat 
those  were  chiefly  confined  to  shoals  and  low  flat  shores,  and  are  thus  not  found  in  the 
deep  water  mud. 

After  the  termination  of  the  deposit  of  that  great  mass  of  calcareous  mud  just 
described,  and  when  the  transiti<m  to  the  true  oolitic  period  commenced,  we  find  distinct 
intimation  of  the  near  presence  of  land  clothed  with  vegetatiaii,  consisting  chiefly 
of  s««MU^  csfcwine,  and  some  Gonifoious  trees.  At  this  time  there  commenced  a  deposit 
of  fine  cakareous  mud,  which  was  tolerably  unifonn  from  tiie  nordi  of  France  to  liie 
coast  of  Toikaiure^  but  was  from  time  to  time  modified  aocoxding  to  altematioiiB  of 
level  in  the  genenl  area  of  the  land.  Not  very  long  after,  islands  appeared  on  what  had 
hidierto  been  open  sea ;  and  these  islands  became  in  course  of  time  the  dweDing-^aee 
of  small  land  ^niiwl^i. 

The  condition  of  the  8ni£M»4Mitt(mi  of  the  sea  being  at  this  time  foroi^^ 
fViU  derdopment  of  ^  lower  marine  animals,  both  in  nmBber  and  variety,  we  aciboid- 
ingly  now  find  whole  beds  of  sbdly  limestone  made  TSf  excinsively  of  the  debris  of 
sudi  creatures ;  and  any  one,  wbo  will  examine  carefully  the  common  building  rtone 
obtained  firam  these  deposits  inNarthan^tonshire  and  Oxfoadahire,  and  even  near  Bath, 
win  find  these  almost  exdnshrelj  present  wherever  the  little  egg^fike  structure^  which 
has  since  been  assumed,  does  not  ccnoeal  them.  Daring  this  time  there  wen  many 
fishes,  chiefly  those  liviag  near  shore,  whiah  also  have  left  marks  of  tiusir  mftff»M?g ; 
and  in  some  of  the  beds  are  leaves  of  trees,  wing-cnes  of  beedes,  and  tiie  booea  of  land 


After  about  three  hundred  foet  of  sodi  strata  were  deposited  in  the  west  of 
England,  we  find  beds  which  were  manifostbr  fonned  in  the  imfn»J^tf^  proxinuty 
of  land;  and  it  is  interesting  to  speculate,  as  we  are  in  a  conditiaa  to  do,  on  tiie 
penible  aatoie  of  its  inhalntanta.    Let  ns  cnAeaToor  to  raeall  aoaw  of  tiie  main 
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poiiitB  that  xnight  then  have  attracted  attention,  as  dificring  from  tho  present  oondition 
of  European  land. 

Let  U8,  then,  imagino  ourselves  placed  on  some  piojooting  headland,  commanding 
a  view  of  the  open  sea,  which  at  that  time  covered  tho  greater  part  of  our  island,  and 
permitting  us  to  watch  tho  prog^rcss  of  events  near  some  low  flat  island,  a  sandy  shoro 
of  the  oolitio  period,  on  which  a  few  palms  are  seen,  and  which  present  a  back-ground 
of  pines  and  ferns  towards  tho  interior  of  tho  country. 

Here,  near  the  shore,  would  appear  one  of  thoso  crocodilian  animals,  with  its  long, 
slender  snout,  and  fin-liko  extremities,  admirably  adapted  to  swim  and  obtain  prey  in 
the  water,  but  hiding  in  tho  mud,  and  lying  for  hours  like  the  trunk  of  a  tree  on  tho 
muddy  bank. 

At  a  littlo  distance  in  tho  shallow  water  numerous  representatives  of  tho  plosiososaur 

and  ichthyosaur  would  be  seen,  and  with  tlicm  somo  curious  forms  of  reptilian  animals, 

combining  somo  of  tho  peculiarities  of  thcso  two  genera.    Wo  may  imagine  one  of 

these,  the  pUosaurus,  as  it  advances  its  great  mass  through  tho  water.    Its  huge  lizard- 

;   like  head  contrasts  strangely  vrith.  tho  flsh-likc  body,  which  is  attached  to  tho  head 

without  an  intervening  neck,  and  tho  absence  of  a  powerful  vertical  tail  is  fblly  made 

;  up  by  the  extremities,  which  are  several  feet  in  length,  and  admirably  adapted  to  bo 

I  used  as  fins.    With  one  stroke  of  these  fins  wo  see  the  whole  enormous  mass  shoot  along 

with  terrible  rapidity;  and  a  largo  shark,  pursuing  and  feeding  upon  other  prey, 

I  in  a  moment  falls  a  victim  to  tho  greater  strength  and  activity  of  this  marine 

monster. 
,  Qiuitting  the  prospect  thus  presented  at  sea,  let  us  next  turn  our  eyes  towards  tho 
;  land.  Hero  tho  long-snouted  crocodile,  whom  wo  before  observed  gorging  himself 
I  with  the  fish  in  the  shallow  bay,  sleeps  citlicr  half  buried  in  tho  mud  on  shore  near  a 
jungle,  or  in  an  estuary.  His  length  is  perhaps  18  or  20  feet,  and  ho  is  admirably 
contrived  to  swim  and  dive,  and  attack  his  prey  in  the  water;  but  on  land,  like  many 
ftnimnlg  of  this  kind,  he  is  more  helpless.  Now,  however,  the  crashing  sound  accom- 
panying the  motion  of  a  hea'vy  animal  through  brushwood  is  heard  approacliing 
TSj^dly;  and  soon  a  monster  is  seen,  taller  than  an  elephant,  but  not  provided  with  a 
long  trunk  to  twine  about  and  pull  down  the  branches  of  trees.  Instead  of  this  wo 
perceive  a  prodigiously  long  and  powerful  but  narrow  snout,  armed  throughout  with 
the  most  giTignUr  ammgement  of  sharp  and  strong  knifc-liko  teeth.  Onward  comes 
this  giant  of  tho  plains.  To  its  bead  is  attached  a  moderately  long  neck,  and  a  body 
half  as  long  again  as  that  of  tho  elephant,  and  thick  and  massive  in  proportion.  Huge 
living  columns  support  this  body,  and  aro  based  on  feet  each  of  them  large  and  strong 
enough  to  crush  a  dozen  pigmies  like  ourselves.  With  one  stroke  of  its  foro  feet, 
armed  with  powerful  claws,  the  gorged  crocodile  is  struck  dead,  and  it  is  soon  devoured, 
as  if  sooh  a  meal  was  scarce  worthy  of  consideration. 

But  let  us  now  turn  asido  onco  more  and  contcmplato  yet  another  scene.  Still 
ramaining  near  the  shore,  but  looking  at  the  land  rather  than  the  sea,  let  us  watch  tho 
golden  beetles,  the  beautiful  dragon  flies,  and  other  insects,  as  they  flit  past  in  all  the 
brilliancy  and  cheerfulness  of  luxuriant  nature.  The  lofty  trees  aro  woven  together  by 
thick  underwood,  and  the  open  country,  where  it  is  not  wooded,  is  brown  with  tho 
numerous  ferns  which  are  distributed  abundantly  in  extensive  groups.  Here  and  there 
we  see  a  tree  overturned  and  lying  at  its  length  upon  the  ground,  preserving  indeed  its 
shape,  but  thoroughly  rotten,  and  serving  as  the  retreat  of  the  scorpion,  the  centipede, 
and  «™il<»^i'  noxious  insects.    A  few  small  quadrupeds,  about  the  sizo  of  rats,  may  bo 
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difltrngoiisbed  at  mterrBls,  timid  mrtni  in  ihs  nh^sase  of  ^nger,,  s&d  scamcely  yEotayiog 
to  appear  withoiit  the  greatest  precautiotL  TliDBe  feed  iip<m  the  grabs  mid  Iattis  dI 
tlifi  flaring  in^ectS)  and  on  the  Toiiaras  ipedes  that  ]itc  upon  or  bormw  xmdcr  ths 
grcHtbd, 

What*  howcTPT]  is  iIig  stran^lj  form^  Bnimal  tliat  ii<nr  Appears  raziimig  alcmg 
upon  the  i^tMmd  like  a  bird,  its  elrratcd  body  and  Icrog  nedc  not  eorPTied  witb  f<»iiicn, 
but  witb  ^kin,  naked  or  ^^spLc^adlellt  wifiL  jzlittenng  scalet,  iti  bead  M&e  the  b(^  of  a 

lixard  or  cmrioo^e}  and 
Ox  a  size  aiisDst  pp&* 
past)CTOiKCOQipftfi(?u  wIbi 
that  of  the  body^  and  its 
bmg  £!tc  extit^mitios  w 
oddly  sti^tc^Jied  ont  and 
eotmecti^  by  m  mem- 
bjxne  wrtfi  the  body  and 
the  binti  Js^ss  ^  Sod- 
draily^iis  creatine  nma 
Tvpidly,  and  aoon  ortr- 
Isk^  Ihe  Irttle  qnadm* 
pcd.  and  ^  fpfifce  of  its 
^ream^ODS  ptiesenHy 
deToqrs  it. 

Soon  ^loflier  fliran^ 
phmomenon  is  pre- 
«Aited — «  mailed  eiai* 
tm^  m  the  aiT^  <tf  hd 
contemptible  ftixe,  and 
nalizing.  c 


t^lX^T   POITT- 


th^  »ytbci«ckal  acfCQQt;^  of  di^  flTiBC-  dfaeoc  and  the  pfctures  ciret  by  the  Chinae, 
Hiifr.  bv^WTTifr,  is  civrt-ly  dw  iyiiic  ivr^^  w^cee  tf.ie&Uial  xpptitivax  wt  haTe  just 
dnmlv^  T:  i$  thi'  T«ezi:«d£rtT! ;  lis  f.^T-  src  band,  as^^ftce-exfinided,  sod  the  mter- 
vpm  fllks2  up  Vy  a  TPM^  3i-=tbniite ;  i^  h«d  ijfcd  fix^ei  sti^tclwd  o«t  like  that  of  the 
bcfwn  !a  ir*  flisli^  a^i  ;^  fTpa:^:^':  fa^  ^se?  to  issif  sti^ina  ih^  imects  which  it 
puTiwc^  irad  dfT*^^  tstes  vi^  iTid^,  Peiup^  thi^  swna^^r  iciaht  offaianTnltj 
best^fxi  *y^^  T,^Tard5  th?  »?a  »=sd  T^^re  iarnsc  d:-wii  «i:i  ^eyr^t^  ^nKed  fidh,  or  enn 
dirif^  K'Tii^i^  t^  ssir&ct  hi  ^42t*t  :si  TP?y,  asi  i-ihibct2=f  t^  ao^  sbigiitir  «ad 

ii:»1«*r?'pfT.  *Tkl  a*  ^*^ia^infttf5:si:  li*^  ^wb.^  ci  tfe  !:«?:  wr^fd  diuliir  vMtii  ^b©  oexiet 
af  tlh*  <i;^i?f*  w^  T?.  (•^'ETW  v>f  dfi^^ti^^e:,  Fr-c^e  lis-:  Tr  UiM  fcnil  kiands  mcia  to 
b*TT  ^r.  fs^E>L,  bcT  tSirtr  acv  Ix^  tad  n?^  ?iacssc»*:  £  either  timee  bifD 
^^aESttiw  i"^  tr.^i  **?r  ^^rsr^^  rst,'*  ii^  Ta»r.  >^T^L^  ^i  jciaL!il!_r  1^  ivmuDi  rf 
M&iasak  *Ti  Terwrlx>iJ^  t^fHw^:.^;  a>£  ^vieaRjeaZ-V.  I^ci  ^rwdL  3»ee  lawlr. 
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series  of  depoeits,  at  length  accm  to  hayo  terminated  by  the  production  of  a  rery 
extensive  tract  of  dry  land,  lifting  up  the  ancient  bod  of  the  oolitiu  sea,  and  at  onee 
pteronting  fartiier  deposits. 

This  yiew  is  suggested  by  the  evident  proximity  of  land  during  the  hiter  oolitic 
.period,  not  only  with  reforonce  to  the  deposits  going  on  in  the  Briti^  Ishmds,  but  also 
those  oovoring  a  portion  of  Northern  Europe.  It  is,  however,  limited  to  certain  parts 
of  these  districts,  and  does  not  api)ear  to  bo  applicable  beyond  them ;  and  indeed  it  is 
prohable,  from  the  nature  of  the  deposits,  that  in  Southern  Europe  and  Asia  Minor  the 
contniry  was  the  case,  and  that  the  sea  M-as  there  becoming  deeper,  and  receiving 
gradoally  fiswer  and  fewer  coast  deposits.  But  with  regard  to  the  northern  and  western  . 
■  districts,  we  have  evidence  singularly  distinct  and  satisfactory,  tliat  just  at  the  close  of '. 
iSbs  deposit  of  that  uppermost  bed  of  oolites  which  occurs  in  the  island  of  Portland,  the 
altematiDns  of  level -were  numerous,  and  at  no  Ycry  long  interval;  perhaps  resembling 
in  this  respect  what  is  now  taking  place  at  the  mouth  of  the  Indus,  where,  in  Cutch,  a 
considerable  tract  of  land  has  been  alternately  lost  and  gained  even  within  a  few  years. 
In  England  also  (formerly,  as  now  in  India),  there  were  great  rivers,  and  probably 
deltas,  and  when  the  sea  bottom  was  finally  elevated  to  form  dry  land,  a  mass  of  sandy 
beds,  corresponding  with  what  is  now  in  course  of  formation  under  similar  circum- 
stances, seems  to  have  been  deposited  at  the  embouchure  of  this  groat  stream,  which 
must  have  proceeded  through  a  land  abounding  with  vegetation,  and  containing 
mnnerons  aniTnals  of  large  size. 

The  land,  however,  which  had  long  been  advancing  steadily,  gaining  on  the  sea 
in  tiiese  latitudes,  received  about  this  time  a  check,  and  a  great  change  took  place, 
at  first,  perhaps,  by  alternations  of  level,  but  soon  by  rapid  and  decided  depression. 
Deep  sea  soon  covered  the  whole  tract  to  the  east  and  south— vast  quantities  of  fine 
cfaaUry  mud  were  deposited,  probably  from  neighbouring  coral  reefe ;  and  a  very  long 
period  elapsed,  during  which  the  great  masses  of  sandy  and  calcareous  beds,  including 
amongst  them  the  whole  of  the  chalk,  were  gradually  accumulated.  6tiU  land  was 
near,  for  we  flaid  among  the  chalk,  a  distinctly  marine  deposit— fragments  of  bone  which 
seem  to  pVove  beyond  a  doubt  that  not  only  was  the  pterodactyl  then  still  remaining, 
but  that  some  true  birds  not  imliko  the  albatross  had  also  been  introduced. 

Considered  as  a  whole,  the  secondary  x>criod  will  now  be  seen  to  possess  a  weU 
marked  and  very  distinct  group  of  animals  and  vegetables,  exceedingly  different  in 
general  aspect,  no  less  than  in  the  details  of  specific  character  from  the  more  ancient  ' 
period.  This  difference  consists  partly  in  the  replacement  of  a  number  of  strange  fbnns 
of  ttTiimftlg  and  vegetables  by  others  more  resembling  those  now  living;  but  it  consists 
-  also,  and  in  a  far  more  striking  way,  of  the  presence  of  one  highly  important  grouf 
of  nniTnftlg — one,  in  fact,  of  the  great  divisions  of  the  animal  kingdom — in  such  singu- 
lar variety  of  form,  sneh  relative  numerical  abundance,  and  so  distinctly  representative 
of  ihe  mare  highly  organised  races  afterwards  introduced,  as  to  render  it  almost  ocrtain 
that  the  absence,  or  great  rarity,  of  true  quadrupeds  is  not  accidental,  nor  the  result  of 
our  imperfect  knowledge,  but  a  real,  and,  if  so,  a  very  in^rtant  fact. 

The  corresponding  characteristic  of  the  former  and  earlier  period  is  seen,  as  already 
described,  in  the  great  development  of  the  race  of  fishes,  which  then  represented,  and 
were  afterwards  replaced  by  the  reptiles.  It  is  this  substitution  or  representation  of 
one  dass  for  another  which  gives  completeness  and  fulness  to  our  picture,  and  renders 
it  probahle  that  we  really  have  a  tolerable  sketch  of  the  whole,  and  not  a  mere  highly 
cdomed  representation  of  the  events  passing  in  a  single  area  in  space,  ot  during  a  short 
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period  in  iimo.  Hf  moaiiA  of  such  comparaUyc  yicws,  too,  wo  obtain  an  idea  of  the 
^onornl  bonrin^,  tho  harmony,  tho  symmetry,  and  the  perfectness  of  each  group,  and 
ill  11 M  nitnin  in  tho  ond  more  distinct  and  rational,  and  less  exaggerated  views  of  the 
diH\ir(iiUH^M  and  roHomblniiocs  of  created  beings  at  widely  distant  periods  of  time. 

lit  (Kinol  11(1  i tig  tlio  accotint  of  this  period  of  reptilian  preponderance,  and  espedally 
wlion,  in  ordor  to  oxhibit,  something  of  the  habits  in  their  most  striking  modes  of 
m^lioti,  it  biirt  \mn\  nocoHsary  to  describe  scenes  of  carnage  and  horror  probably 
<^tm(«t(t<l  lit  tho  (iiuo  n'fcrrod  to,  it  is  right  to  remember  how  perfectly  accordant  aie 
itiudi  Hi'onos  with  tlio  bonovolunco  as  wuU  as  tho  wisdom  of  the  great  Author  of  Nature. 
T\\vy  nns  iu  fiiot,  nmults  compatible  with  tho  perfect  goodness  of  the  Creator,  and  they 
rnimot  bo  t^ouniduriMl  to  involve  any  needless  suffering.  For  ourselves  as  human  beings^ 
tmil  oouviitutod  M  wt>  arc,  looking  on  death  as  a  punishment  that  must  be  endured,  and 
ulwMy«  tmruovtiy  bout  on  warding  it  off  as  long  as  possible,  any  premature  and  violent 
torttiiu»tiut\  of  iifo  noouis  to  involve  pain  and  misery.  But  this  is  by  no  means  the  law 
iif  Utttuw  M  iv^tmi'*  tiuininl  Ufi>  in  general ;  and,  on  the  contrary,  the  very  exuberance 
Mud  ttb\uulMn\H>  of  lifi*  i«  at  omn)  obtained  and  kept  within  bounds  by  the  voracity  and 
IuxhUvhhhu  hnlut»  of  iH^rtain  tribes. 

A  liivpn'it\g  iiiHith—u  natural  and  slow  decay  of  those  powers  which  alone  enable  an 
Muuunl  t\»  oi\)oy  Ufo  -w\mld  muiucstionably  bo  an  arrangement  fraught  with  suffering 
iu  tho  ouiK^  of  Untv^  not  oudowtnl  with  reason,  and  not  assisting  one  another.  It  would 
W  orurltYt  lHva\i9^>  it  w\uiUl  iuvid\T  liopelcss  suffering.  A  violent  death,  is  to  unrea- 
«M\iug  tiuimAU  tho  tHi»io«^t  and  tho  moi>t  natural  U?rmination  of  life;  and  it  has  mani- 
HWtl^v  Uvu  \xt\t«uu«HU  tVvuu  tho  Iv^iuuing*  that  in  order  to  insure  the  greatest  amount 
\4'v»\h\Ymowt  v^Ufv\  tUt"^»  should  W  a  uovcr-ltuUng  and  ample  saecessioxi  of  individuals 
«kUvl  *|HvU^  tho  v\^|jvuWo  xkwUl  ivrvu'idiug  [IkhI  for  some  ract?s>  but  the  greater  number 
t;jiK\u^  (!Vv>to  M\uu«d^  vxf  Wwvr  or^^iuii9;;ition  tho  moro  din.vdy  available  food  which  they 
Wl  ^^^>^»<Awd ;  vvr*  vu\  ^ho  othoc  hAud»  prcwatiii^  ariiaul  matter  once  elaborated  fiom 
U"i»\^  di^^Hj^Cv^U  vxr  cuticv'lv  dv\\Mu^v$t.\l»  by  taking  up*  enru  in  its  very  last  stage,  the 
mu^uCvNi^  vvr^iMuc  tVu^ntu'UC^t^  And  hri£t^:iu^  them  back  to  ;:ho  ixoInLs  of  Hie. 

t*V'  rvvl.*  .ibv^Yv  tW  v-hsitX  »rv\  Arivl  bin.*  Tortjr  botn  designated  as  tsTtbiy.  In 
KH^Unvt  ^hv'v  i'n^•^t^l^.»  ^uc  ;A  «ttalt  *ml  vcnr  ?m^*r^vt  serws:  bat  elsewhere  tfwy  ire 
J^'wlv^'^'^  ^'  ^"*  c\Vt^5  jwd  thK.'k•,t^,•?5^<*  ux*?mc  places  ev^iuilliaa:.  ri  odiers  fir  Auipaasiiifi 
%fcK»«**  v'l?^  th\*  olvii.^  *»i  usfricr^ttt^  :?y^.*ms.  Sinxv.  hj-^wtfTer.  the  awre  trnpcrtaosft  snb- 
vK\tj«v»a:*  AJ^-  i^*>.'i|f%.  ^'w  wusk  i^r  a  ton^  ^3n\  a  v.vmpar»tir-  rte^rlwt  of  testorT'  ndci 
^  s.H^e  s»>*tt  vvitttcpv,  ;«td  titv.*  ascttttl  rvut&Tv  ^*«i&*a  or'  ^»se  w?  hare,  has  ben  only 

¥Vito>*  tH^f  ,*  ^tornv'ttctttcure  w?Stic^  bat?  V>m  t^und  ooRvtnxient  it  A*  <j^er  cpodsL  it 
>*  vtt  V  Jtwii^Wo  ?.» cvibttdtT  the  r»A*k:^  v>f  tSkw  aiewr  ^wod  **  vfLvttie^  mto  *1fc*»*  priih 
y-ijHkr  |j:»vii^  >^  w\ich  rhv'  %'cttt*  Vwvr.  tti^Ktle^  attd  ^Dvr  ^.TiairaH  w«iil  tifc?  best  Ait 

^<»rtod.* 
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Xrf»we>  Textiazy  Roolu  and  Fossils— Thcro  socms  little  doubt  that  the  large 
and  widoly-spiread  deposits  on  the  borders  of  the  Mediterranean  Sea,  in  many  ports 
consisting  of  thick  beds  of  limestone,  loaded  with  a  peculiar  fossil,  resembling  a  piece 
of  moiie7,  and  thonoe  oallcd  nummtUite  (sco  page  118),  but  elsewhere  containing  hardly 
any  fossils,  must  be  regarded  as  the  true  base  of  the  tertiary  scries  as  at  present  known. 
Beds  of  the  same  ago  appear  at  tho  margin  of  what  are  called  the  London  and 
Hampshire  basins,  and  also  around  tho  Paris  basin ;  but  they  aro  hero  of  inconsiderable 
thickness.  In  Africa,  on  tho  north-eastern  shores  and  in  Asia,  on  the  south  flank  of 
tho  Himalayas,  extending  to  Calcutta  on  tho  cast  and  Bombay  on  the  west,  thcso  bods 
arc  no  less  distinctly  traceable.  They  are  also  found  on  the  ^ores  of  the  Black  Sea,  in 
Balmatia,  Caiinthia,  Transylvania,  Hungary,  and  Poland.  The  deposits  aro  usually 
calcareous,  and  appear  to  have  been  chiefly  made  iu  deep  sea.  The  fossils,  howeyer, 
include  not  only  the  foraminifcra,  of  which  the  nummidito  is  an  example,  but  many 
shells,  as  well  land  (p/^yso,  see  p.  118)  and  freshwater  {cyclaa)  as  miirinc  (eardiia), 
numeroiis  fishes  (rfion^ua),  some  birds,  and  several  land  quadrupeds.  The  beds  haye 
therefore  been  formed  under  various  circumstances,  though  about  tho  same  time. 

Reposing  on  these  oldest  tertiaries,  and  in  many  places  appearing  to  form  part  of, 
or  replace  them,  are  a  number  of  beds  admirably  developed  near  Paris,  and  somewhat 
extensiydly  seen  near  London,  in  Hampshire,  in  the  Isle  of  "Wight,  and  again  in 
Belgium  and  the  South  of  France.  These  are  very  varied  in  their  character.  In  Eng- 
land, they  include  an  important  series  of  clays  (I<ondon  clay)  reposing  on  sand,  and 
oyerlidd  by  other  sands,  and  by  freshwater  and  marine  limestones. 

Above  these  come  in  a  largo  series  of  deposits,  whoso  total  thickness  in  England 

j   amounts  to  nearly  fifteen  hundred  feet,  recognised  as  a  distinct  gi'oup,  and  correspond- 

I  ing  with  certain  coarse  limestones  and  peculiar  sandi  near  Paris.    Above  these  again 

I  arc  marls  and  limestones  in  England,  represented  by  soft  sands  {molaate)  in  thp  south- 

I  west  of  France,  and  a  limestone  deposit  well  known  in  Malta,  and  extending  over 

!  various  parts  of  tho  Mediterranean,  hitherto  regarded  as  belonging  to  tho  middle  ter- 

I  tisiy  period,  but  determined  by  Professor  E.  Forbes  to  bo  really  a  part  of  the  older 

series.     Tho  lower  and  middle  parts  of  the  series  thus  described,  contain  numerous 

interesting  fossil  remains,  among  which  aro  a  multitude  of  very  remarkable  fragments 

and  complete  skeletons  of  quadrupeds.     (Sec  Cut,  page  119.)    There  are  also  numerous 

fruits,  and  aomo  corals  and  crustaceans,  with  shells  and  fragments  of  fishes  mot  with 

in  some  localities,  of  which  tho  Isle  of  Shcppey,  near  tho  mouth  of  the  Thames,  has 

long  been  remarkable.    Eeptiles  also  are  hero  found,  proving  that  the  condition  of  the 

country,  and  probably  its  climate,  were  extremely  di£Ecrent  from  those  at  present  existing 

in  these  latitudes. 

In  the  Paris  deposits  aro  foimd  some  beds  of  gypsum,  which  arc  at  once  useful  in 
themselves,  as  yielding  the  material  of  which  is  manufeusturcd  '*  plaster  of  Paris,"  and 
also  of  extreme  interest  to  the  naturalist,  as  containing  those  fossil  bones,  whence  has 
been  reconstructed,  by  Cuvier  and  others,  an  entire  mcnagcrio  of  extinct  organic  beings. 

irhich  a  faint  indication  of  existing  species  (less  than  five  per  cent.)  was  first  perceived— imoc<?ne 
(fieiuUf  leas;  and  Kcuyos)^  those  in  which  a  minority,  or  less  than  half  the  species,  were  recent,  and 
I  pliocene  (ir^ffiwi',  more;  and  kcuvos),  those  in  which  a  larger  number  than  half  were  recent.  As 
these  names  appear  to  offer  no  special  advantage,  and  have  been  misunderstood  to  intimate  a  decided 
and  abrupt  transition  and  definite  percentage,  which  does  not  exist  in  nature,  it  may  be  better  to 
STold  the  use  of  them,  and  adhere  to  the  simpler  and  equally  distinctive  terms  above-mentioned.  It 
may  also  be  stated  here,  that  by  some  geologists  the  middle  or  secondary  rooks  are  called  meso-zoic, 
and  the  newer  or  tertiary  caino-zoic. 
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These  beds  were  long  celebrated  for  the  readincaa  with  wliich  thoy  yielded  tlicso  trea- 
sures, but  ihey  have  ceased  of  late  years  to  du:icr\-c  their  reputation.  Korth  America 
presents  a  number  of  beds  of  the  period  we  aro  now  eonsidoriiig,  chiefly  dcvelojied  in 
the  southern  statcS|  and  consisting  of  greenish  samL^,  marls,  and  a  puculiur  white  limo- 


oosisfiniB  [Paris  haaln). 

stone  IfioBlr.oflfio  fossils  aro  obnly.  allied  to  European  foznu.  Bvon  in  Sinith  Ajmerica 
there  have  alnbeen  found  rcpmentatiye  deposite. 

WfcMI>  Tiuiiaij  Rocks-  anC  roMJIi  — Li  l^ngland  this  (H-naoa  is  but 
scantily  ihowir,  and  includes  only  a  fbw  bands  of  sand,  ^raYol  bed*  made  up  of  ehclls, 
and  some  marls.  These  havo  been  found  on  the  coasts  of  SiifToUc  andJBnex,  and  range 
into  the  interior. 

Very  large  masses  of  rock  of  various  kinds  form  the  corresponding  deposits  in  the 
south-west  of  FraZLM^.tfift- eMt.  of  Germany,  and  various  ptuis  of  the  Mediterranean 
, Bndtathenj^entuaQr  flflfamt  in  appearance,  Iiavc  been  recognised  on  the  flanks 
ULSkfulb  Anezica. 

deposit  is  called  the  coralline  crag,  and'i  oentains 
mnHBOBa  \\\wm\\  iiwiillj  amy  8hell%  both  univalve  and  bivalve,  and  a  few  zemains  of 
(faadrnBjBft  mA  reptiles  are  extremely  rare. 

ISiLtiiB.'vrifis'ofi  tSft  B&inB^  oa  t&  flanks  of  the  Alpine  chain,  in  the  groatToIlc}'  of 
SwitaM&n^aLtfft  'wHbgroCttA  Danube,  and  in  northern  India,  the  cbaracterifitic 
ji  I  iillMJIIw  Mil  iii  iiBiTi  mm  iHiiiiwil  Thus,  while  the  loose  sand  of  the  Swiss  moUute* 
is  widdysgnaQ  and  iwrntains  a  few  shells  and  some  remains  even  of  palm  yegotatian, 
vc  find,  in  tfie  T^fl^'of'thc  Rhine,  beds  containing  the  bones  of  a  gigantic  quadruped, 
the  dinotherium  (see  page  123),  while  the  toiilaries  of  northern  India  contain  numerous 
indieatious  of  a  complete  fauna,  including,  amongst  a  niunber  of  species  little  difFerent 
irom  the  present  inhabitants  of  the  couutry,  a  multitude  of  others  altogether  new,  and 
departing  widely  from  known  forms. 

The  fossils  of  the  middle  tertiai'y  period  are  not  generally  so  varied  and  essentially 
diaa-acteristic  as  those  of  the  older  and  newer  deposit,  although  India  fomis  a  gi-eiit 
and  interesting  exception.  Some  of  the  less  common  and  more  easily  recogni-cd  sliells 
and  other  fossils  arc  represented  in  the  next  page ;  and  it  may  he  obser\-ed  that  this 
group  represents  two  genera  of  the  comparatively  rare  family  of  pteropoda,  and  two 
instances  of  shark's  teeth.  Tliere  is  also  a  crab,  a  foraminiferous  shell  {tcxtiilaria),  and 
*  Not  the  molasfic  of  the  south-ATC>t  of  France. 
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one  of  tHo  flat  af^^-nrcKliis,  or  st&T'^hcs  of  the  time.  Hsny  of  the  abcUs  appfTEMcli 
so  neat  in  appearance  to  tiose  now  fonnd  in  adjacent  and  distant  scaa,  tbat  no  nsoM 
purpose  wonld  lie  answered  hj  figuring  them  here.  It  is  right  to  atato  that  a  I*rge  flora 
of  this  [lenod  has  been  determined,  presenting  a  mi^itTura  of  exotic  fomm  now  peculiai 

CnOUP   Of   MIUDLE   TERTlAJlY   £l'BCIi;3. 
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to  vrwrm  climatca,  with  others  cq,uiilly  characteristic  of  temperate  coimtriei.  Thtis 
palmsj  a  bamboo,  and  othei"a  of  the  finme  habits,  ore  found  associated  with  leaTCt 
of  oaks^  tims,  &(;. 

Upyer  Teztlaxy  B^clts  and  Fossila. — Of  thig  part  of  the  period  there  aro 
muny  subdivisions.  The  suh-Apenninc  limestones^  contemporaneous  with  part  c>f  our 
Suffolk  crag,  ere  represented  in  South  America  by  a  vast  expanae  of  rock,  eontainiitg 
numerons  organic  remains  of  the  moat  dng:u]ar  and  interesting  i^uadrupedf.  Cavems 
in  limf^tone  i-oeks,  frozen  di^  on  the  shores  of  the  Polar  Sea,  &ediwater  deposits,  and 
osaeons  breecias  in  central  France,  ItalTT  and  many  other  countiita,  all  appear  to  belong 
to  this  part  of  the  tertioiy  epoch,  and  all  present  numerous  objects  of  interc^  amongst 
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tho  foMilfl  thoy  contain.  Kearly  fifty  species  of  quadrupeds,  and  half  that  mimher  of 
Mrdfl,  hare  aheady  hcen  dosoribcd,  all  mora  or  less  differing  from  existing  forms — some 
departing  widely)  others  approximating  closely.  Tho  various  groups  of  deposits  of  tho 
period  have  been  thus  classed : — 

1.  Kbcisxt  DsposrrSy  including  raised  hcaches  on  tho  Englioh  shores ;  tho  lehnif 
or  loi$»y  of  the  Rhino  valh  y ;  tho  tchomosem,  or  black  earth  of  tho  great  plains  of  tho 
Caspian  Soa  and  Lako  of  Aral ;  tho  regur^  or  cotton  soil  of  India ;  and  large  tracts  of 
reoently  cleyatcd  land  in  Patagonia. 

2.  Drift,  including  stratified  sands  and  grayels,  left  by  glaciers  and  icebergs; 
miatntificd  clays  and  gravels,  with  boulders,  common  in  the  Clyde  valley,  and  locally 
called  iUl ;  the  mammaliforous  or  Norwitrh  crag  of  our  east  coast,  and  tho  sands  of 
Bridling^n,  on  tho  Yorkshire  coast ;  and  a  number  of  fh)»h-water  beds,  consisting  of 
sands,  marls,  and  gravels. 

3.  Sandy  deposits,  of  which  tlio  red  crag  of  Norfolk  and  Suffolk,  tho  calcareous 
marls  and  sands  of  the  Sub- Apennines,  tho  great  limestone  of  Sicily,  tho  vast  deposits 
of  lignite,  or  hrtnm  coalf  of  Germany,  and  tho  marls  and  limestones  of  G^ningen,  near  tho 
loko  of  Gonatanco,  are  tho  chief  that  have  been  described,  thougli  others,  probably  of 
equal  magnitude,  remain  to  be  noticed. 

It  wonld  manifestly  bo  out  of  place  here  to  describe  at  length  any  of  these  numerous 
and  raried  deposits.  Each  may  bo  said  to  possess  some  point  of  special  interest — some- 
times local,  but  more  frequently  general ;  and  each  might  well  be  the  subject  of  a 
separate  chapter. 

Thus  tho  (Eningen  beds  aro  remarkable  for  their  rich  variety  of  fossils,  including 
quadmpods,  fishes,  and  many  plants.    The  lignites,  associated  often  with  plastic  clays, 
and  fine  deposits  of  a  kind  of  siliceous  paste,  made  up  of  the  debris  of  infiisorial 
onimalcules,    arc  no  less  interesting,  for  tho  almost  incredible  extent  to  which  tho 
vegetable   matter 
hai  been  toonmu- 
ktad;  whflo  the 
VmmltaDm      and 
MAF«f  Italy  are, 
mA    lang    have 
beeoy  the  lubject 
of  diborato  de- 
leriptioiu,       and 
form    oomnecting 
Unka  between  an- 
cient and  modem 
times. 

But  tho  drift, 
ander  whatever 
name  it  is  de- 
scribed, affords 
other  equally  in- 
teresting subjects 

fur  consideration.  bbhatic  blocks  in  mamacuvsktts,  V4nit£d  statkh. 

In     some   placea 
aro  vast  boulders   of  rock,    transported  himdreds  of  miles  from  the   ^cnt  tofiJL   \ 
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(soo  tlio  view  in  the  Cut,  page  121),  in  others  are  huge  masses  of  smaller  blocks,  col- 
U'ctud  from  v:irious  quarters.  Here  the  ground  on  which  these  heaps  rest  has  been 
smoothi^d  and  scrutelicd  by  the  passage  over  it  of  largo  quantities  of  material;  while 
not  far  ni{  similar  gravols  are  stratified,  and  contain  bones  of  many  quadrupeds,  and 
ovon  of  bir<l4.  The  cause  of  all  these  phenomena  is  apparently  to  bo  traced  to  the 
I'arwipo  of  currents  of  water  in  shallow  seas,  the  currents  often  floating  icebergs  of 
Invp?  dimensions ;  and  M'hen,  on  any  occasion,  these  icebergs  arc  strondud,  the  cargoes 
cW'  tninsporlcil  inatorial,  which  such  natural  rafts  bear  along  with  them,  are  DeGO»> 
sarily  deiK^aitiHl  at  the  soa  l>ottom,  on  the  melting  of  the  ice. 

Tho  lost  change,  the  disintegration  of  the  surface  when  once  permanently  devatod, 
I  he  gnidual  ftix^umulation  of  vogetablo  matter  of  various  kinds,  and  the  prtparation  of 
laud  for  tho  lui'oitativm  of  tho  largor  ipadrapeds,  is  a  cubject  still  obscure  in  many  of 
it<  ilv^tails,  but  Ivi.Muinj:  m.  ro  cl.^ar  l\>  wo  advance  in  the  right  direction  of  geok^gical 
iiuvsiigaiiou ;  n:ul  ditiiovdi  a<  iho  iiivcsti^ativm  may  seem,  naturalists  arc  really  now 
iu  a  cvmvlitivm  to  jv.vlj.'  a  littlo  ui  the  y-robable  aspect  cf  the  earth  during  these  later 
lYAvUuious  iu  tlio  w.iv  :'.»:nu:ly  aiuuiT^tcd,  with  rc&renee  first  to  tht  pahtozoic,  and 
su\l  AlVrwanls  ;o  t'.'.v*  scooiidary  poriovi. 

Outline  of  Teztiarj  Scene  3. — ^Taking  use  of  the  various  means  tliil  exist, 
Vy  :!;.'  hv>.^  of  oarxiul  o'i>*orvai:.:i  *:  aotuil  locsili^  c^d  recsoz^ing  by  analogy,  it  has 
VxW.  »vr.%v«Uv-^ ;;\a;  :*u-  ic-.iiary  y:r:\l  1:1  Eiltcj^-,  Aili.  :>ndi:i  Xarth  Amaicatj  exhibits 
:*  s,^:iv-s  »:'  o>..i:;^o#  dv.rlr.j:  whioh  thciv  rins  01  ihc  w:rli  w-irs  gndually  asEnming  their 
"".w  Ttt  y*w>'.»"A'.  *v.r.,vlti,":*,  w*i:l."  t/.,  ii.iiii-itcJitt  Ttrc  I'l^minr  atort  and  more  like 
;"i;A<e  r«^w  ^vfvu;n-:ri*:  «".;o  sj;:rLf  'iii;;:.\.  TI:;  I'rar.TCS  ilius  LuTcIvcd  are  bath  oon- 
<:»iNi-AV"c  f.^vv  irr.TK-.TtAa:.  Ir.  ti.vfv-  v.-r  iT-.ii  -li.Ji  nf-  I:.-*  ^iidi  "lsmt  <«zures  of 
.■;v;  .is  AC  wo*,  at.,*  .v.r.'.TtrT.w  ;".  t^:  ir..  ■.; —j.:  :  -..liCi^Tn^Jiii  :;  iL*.  twcr  great  saetxo- 

xi'.v  ".  v.\vt>  1  r.'.t  I*'.:   :.".  .v.::  v.-if..  l;^~:i-  t  ::■.    :^  "v-LL^j  ii^frsLi  ii'can.  iL.'JSt  bow 

'. ;  i-  Ti.'«4  v.T.'.ikc-lv  r>.*;  the  ".iai  ja  tiaa  xiiac.  iz:  o:3laErra5e<i.  fjEsisied  of  i«r.s.ndft  ^eeflj 
i-:.';;r.tv>.\  >T  >i»T?  «TiA  iT.'jf«&.  scoDr  r.i  "thcsn  Twr-'hepy  of  icrr:  ssu  hLrin^  r'lniridrTiMn 

>:  "'^'r'.y  Ifi^r:  s>:^tk-n.  >y  ^rr.r.Tar  rsT^.  "by  5<irnr<l-fiBbes.  fwir-isLss.  and  iziEznr  odms 

■"■T    f/;Tn;*j  .v  r.,i  ■..  :.-  rh-  .Tasf-rin:  tiii^i'iirrty  «f  "diF  Clifl  Vjrlfi,  or  LamLiniiiE  Gnlf 

:"  MrxiAfv.  "V^lrT.  thrssv  -wf'rr-  maxr  smiBais  rnhnrrianc  dielk,  nnr  an-:-  eaEini-d  fdajzia 

«-.-;  -Ifir  li-mii* ;  'Urr,  Thrrr  Tvrr  aiiw?  uiil  Tihrm  a  Trmnltcr  of  £iih-:«  mid  siAaii-iitiL.  Ssi 

c  nr.  nnr  f'wx  an  ires.    Tin  fii£>«-liiit'  m  ^j^f 

■  ;  7.^.     :»:■>.:;    (QcinU'i.   V^ll    ZiJl    aiid    t..':inf4g^     j 

■  -■  'l.  ».r.ii''a:T:n';7.i  ihr  isiuiiur  oi  "JxC-  ttsssm  1 
.:v  ^v  nr'a:  ::if  riUL-;.  v. li  }•-.-. tiui-L  wziii  ; 
..;>  ;:;vsi:n.  j..-i^  tiu*'.":  n.  a  ixx..z  il-.  wiaar;  ; 
v..nv.»>:  T.  iirrsrnTjci'Tr.  .^  .-^.-j^  i,  .  ..r.'i.-nHT.inm  , 

^  n;  .  !.;,.;.;  .'.     ::..:::...■:;- 

...    ' "-.-  •-.   ....:.;.  ;^....  ]'-■  I'uii.Li.      Ilioaj)fr  «i 

■ ■'=   ^"-    ^*-"    ^••"    r.r^rrtn«i&.  o'  the tajrita;  of 

'...-H  -.v...:    .1    ;m.  s..Tn;  .'^Ti  a-  las  casi&r  a!  I.axiaaL 
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mookayflr  isiiw  of  Oumi  of  large  vma^  mlgiit  then  have  h&m  acca  skipping  &oin  bmndi 
m  brau^ki  on  the  fiucil  ttcoa.  Opoafiunu  we«}  oaaociatud  with  the  aquirrelfi,  und  a  mcocm 
Wifl  among  tLcquudnipodi  conunoo  in  wc^stem Europe,  while  wolves  and  foxes  had  already 
been  mtiadiiised,  and 
jpcoiBS  were  co-e^ 
witib  thoae 
m}^  widel]^ 

datiou  with  thorn. 
Seipenta  of  ^^oua 
dse,  bol  aome  altogo* 
ther  gii^tie,  aaakted 
in  thfi  dastruction  of 
tha  niunoxmia  tree- 
q^uadrupcda  lining  on 
vegetohla  ibed,  Birds, 
too,  wens  then  ahued- 
ant|  [iB.d^;zci0iig«ttli0in 
^egjid  tiui£  tha  tiibe, 
m>w  the  natural  ono^ 
my  of  the  aerpenlef 
iraa  alaopreasnt* 

Bui  it  if  moit  ptobaWe  that  tho  ciduf  dsposii?,  ef  whiuh  wo  itaro  pognizancej  were 
made  either  n^tr  riTers,  or  not  Jhr  from  extensive  majGhea.  Just  as  at  prcaqnt  wc  find 
the  low  wad  unk^thy  swnmpa  of  SunuitrOi  tmd  extensive  tracts  in  SouUi  America^ 
peoplod,  hy  the  tapir,  io  then  there  woa  a  complete  group  of  iK^orly  similar  oniinals 
of  tha  ^dinet  genera^  rctitK^ik^ium  and  Ariophthirmm,  adapted  to  Bimilur  loeoUties. 
Very  yarioufl  in  abso  and  proportions,  and  very  different  la  their  hebitsj  some  of  these 
(tha  .^Mopioih&'m)  swojn  leodilyi  and  lired  ehiefly  in  the  water^  being  provided  with  a 
h&g  pewp^fnl  tail^  eerving  aa  a  rudder.  Others,  agiun,  rcforred  to  the  siunc  ^nuft, 
tripped;  alomg  hghtly  on  the  bordera  of  the  marahe^  fucdmg,  like  the  muak  deor,  on  the 
meiEiatie  ahruha  that  wnre  there  sibundant.  Others,  more  Umid,  and  eoaateef^y  on  the 
alssdj  weT0  enabled  to  courfio  rapidly  along,  and  escape  by  ^gbt,  er  ^oneeal  themselves 
in  their  burrows  beneath  the  EurfaeG,  Groups  of  the^  tLnimrtlH  uro  amongst  fhe  Te^teift- 
tiooa  preparing  fbr  t^  Cryat^  Palace. 

A  lidle  later  in  the  period,  and  when  a  larger  gimntity  of  land  liad  been  elevated, 
mw  and  more  gigantic  races  wore  intrtjdueed.  Among  ihc&^  waa  one  group  of  tni^ 
dcphentd;  am>ther,  of  equal  or  even  greater  sLse,  the  M^astodotti  whoso  teeth  seem 
nda^ted  for  ^led  aemewhnt  tougher  than  that  which  the  alternate  platL^  of  oiiamel  and 
bone  in  t^  olephaiit  were  enabled  to  crush,  and  whoac^  body  was  £omctv  hat  l;irgGr  j 
while  » third  (the  Biiioiktft;)^  was  more  li]£C  the  tapir  in  itii  liabita,  hut  more  ^gantie  in 
iti  pro^eftioni.  Thi«  latter  animal  dwelt  ill  tho  swaTnpa,  end  Its  skull  and  foniudable 
taaka  in  the  lower  jaw  seem  to  point  to  habits  almO:»t  exclusively  aquatic  (ke^o  Cut)* 

Albsir  lenuuning  for  some  time  iu  thia  condition,  the  laud  a  litems  to  hax^  beeen^io 
inero  (^xtenGive,  to  have  been  clothed  with  EihuudiLut  yegetatiou  ehiefly  of  forest  trec^, 

*  Of  the  midmfilA  here  reprcsMTntcd,  the  upper  ijuBdrupc^  !■  an  AnoplntbFre^  fiod  the  two  Isjwct 
P^Iitatherefl.  The  mmnW  frpcclfs  was  altoat  tlie  aizc  of  m  pi^.  On  the  rig^hc  is  u  cToG^tnllliei  and  t^e 
n^tsaxioa  l»  Mildly  of  palm  trees. 
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and  to  have  been  peopled  by  numerous  large  ruminants,  and  by  many  of  those  carni- 
vorous animals  of  large  size,  now  confined  to  the  eastern  and  southern  districts  of  the 

old  continents.  This  -was  the 
last  condition  before  the  intro- 
duction of  man  upon  the  earth. 

"While  Europe  was  thus  under- 
going a  series  of  changes  which 
occasioned  or  required  the  intro- 
duction of  many  new  groups  of 
animals,  and  the  destruction  of 
many  that  had  long  existed,  the 
eastern  part  of  the  great  tract  of 
land,  then  in  course  of  elevation, 
seems  to  have  been  convulsed  by 
fewer  of  those  destructive  dis- 
turbances, and  to  have  retained,  for  a  very  long  time  and  with  few  modifications,  its 
<>arly  tertiary  fauna. 

A  vast  basin  of  fresh-water  appears  to  have  extended  over  a  great  part  of  Northern 
India  and  Malacca,  on  the  shores  of  which  lived  a  numerous  and  varied  population  of 
cloiihantss  horses,  hippopotamuses,  deer,  and  many  other  vegetable  feeders,  with  a 
correspimding  race  of  camivora  of  large  sixe  and  great  iK)wer.  The  earth  there  groaned 
\mdor  the  pressure  of  a  huge  tortoise,  whose  monstrous  proportions  it  is  scarcely 
possible  to  realise ;  and  numerous  other  animals  existed,  of  strange  habits,  and  yet 
stranger  appearance,  to  a  knowledge  of  which  we  have  only  yet  begun  to  attain. 

The  elephants,  then  very  abundant,  were  not  confined  in  their  range  to  Northern 
India ;  they  extended  also  over  the  vast  {ilains  of  Tartary  into  Siberia,  and  fed  on  the 
scanty  vegetation  distributed  over  a  district  which  now  has  become  absolutely  bare  and 
desi^lato. 

It  i?,  however,  not  likely  that  at  this  time  the  land  reached  so  far  towards  the  North 
I\>le  as  it  does  now ;  and  thorx^  was  certainly  towards  the  latter  i»art  of  the  great  tertiary 
period  sufficient  vegetable  fovvl,  in  those  vast  tracts,  to  supx»ort  wandering  herds  of  some 
of  the  most  gigantic  land  animals,  including  many  groups,  which  at  present,  in  con- 
seijuonce  of  physical  changes,  arv  cv>nfincd  cntiirly  ti>  much  more  southern  and  warmer 
districts. 

At  this  same  porivxl,  in  South  America,  there  existed  a  continent  of  the  same  genial 
shape  as  at  jv>>s«.^nt,  but  much  narrower,  and  with  lc«s  lofty  mountains  on  its  western 
side,  graduiidly  becoming  elevated,  though,  with  occasional  intervals  of  repose,  oov»ed 
with  vi-^tatien,  and  having  large  and  deep  rivers. 

On  this  land  weiv  triK\5  of  eilontate  or  tOv>thless  animals,— the  gigantic  types  of  the 
sloth*  the  araiaiUUo,  and  ivrhaps  the  ant-cater.  Of  these  animals,  numerous  skeletons, 
pt^rfvvtly  pT\>son\\l,  aflRvr^  us  means  of  re-c<aistructing  them  in  every  detail,  and  we 
aiv  enabled  to  sp^^ak  of  their  peculiarities  and  habits,  as  if  we  saw  them  bodily  befi»e 
us  at  the  pre^^nt  time. 

In  the  v*st  tHM\>sts  of  that  day,  thew  movt^l  aK>ut,  slowly  perhaps,  and  with  some 
little  difficulty,  a  singular  and  cluwsy  lvv>king  mcmster ;  its  K>dy  larger  than  that  of  an 
elephant,  and  its  hinder  extivmiue^  many  times  thicker  and  stronger  in  proportion ; 
endowed  with  a  d<^in:v^  of  r\>$i$un^  sUYiigth,  compar^l  with  which,  almost  every  exist* 
it^  ADima)  wv»uld  rank  as  \M>wt^rlcs*.    The  habits  v\f  th:s  creature  were,  it  ni*y  be  sup- 
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posed,  rather  peculiar.  Judging  from  its  heavy  hind  extremities  and  powerful  tail — 
the  arrangement  of  its  fore-legs,  in  which  it  somewhat  resembled  the  bear — ^tho  nature 
of  its  head  and  teeth,  and  the  form  and  strength  of  its  claws,  wo  may  safely  imagine  it 
performing  the  task  of  the  modem  sloth,  its  nearest  representative,  but  enabled  to  root 
op  and  pull  down  the  trees  of  the  forest,  instead  of  climbing  to  strip  them  of  their 
leaves.  The  creature  hero  referred  to  is  the  megatherium^  and  there  were  several  smaller 
but  still  gigantic  animals  similarly  constituted,  and  assisting  to  clear  away  leaves  and 
twigSy  by  bringing  their  powerful  though  sluggish  limbs  to  bear  upon  the  task.  The 
mjflodon,  one  of  these,  was  nearly  as  large  as  a  rhinoceros,  and  of  it  a  complete  skeleton 
may  be  seen  at  the  College  of  Surgeons,  as  well  as  a  restored  figure  in  the  Crystal 
Palace  Grounds,  reconstructed  from  the  dceleton,  by  Mr.  Hawkins. 

At  present,  the  armadillo  clears  away  the  decaying  wood  and  offal  of  all  kinds  in  the 
Brazilian  forests,  and  a  magnified  representative  accompanied  the  megathcrc.    The 
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glyptodon,  as  this  animal  was  called,  is  known  by  a  complete  specimen  of  the  hard, 
homy  covering  or  shell,  also  in  the  CoUego  of  Surgeons  ;  and  the  length  of  this  speci- 
men is  nearly  twelve  feet  on  the  curve,  from  the  tip  of  the  tail  to  the  snout,  while  its 
height  is  between  four  and  five  feet. 

Large  rodents,  or  gnawing  animals,  horses,  and  several  other  species  nearly  allied 
to  existing  races,  accompanied  these  singular  animals. 

It  is  extremely  interesting  to  find  tliat  at  the  same  period  the  great  island-continent 

I  of  Australia  was  peopled,  as  it  is  now,  by  a  group  of  animals  perfectly  distinct  from  those 

I  inhabiting  the  rest  of  the  world,  and  characterized  by  similar  peculiarities  of  structure. 

I  Gigantic  marsupials  then  lived,  representing  the  elephants  and  even  the  larger  camivora 

j  of  Asia ;  but,  with  the  exception  of  the  mastodon,  there  were,  it  would  seem,  no  generic. 

I  &rms  common  to  this  great  district  and  the  rest  of  the  land  in  the  eastern  hemisphere. 

!        The  islands  of  the  South  Pacific  Ocean  of  this  same  hemisphere  may,  perhaps,  when 

fully  investigated,  lead  us  to  some  knowledge  of  the  great  continent  which  once, 

probably,  extended  across  from  Australia  nearly  to  Madagascar.     Gigantic  birds  have 

already  been  found  in  New  Zealand,  and  these  are  the  ancient  representatives  of  the 

apteryx  and  of  the  dodo,  the  former  a  New  Zealand  wingless  bird,  and  the  latter  an 

extinct  species  found  in  the  Mauritius,  singularly  analogous  to  the  dinomis  in  some 

important  points  of  structure.    Perhaps  we  may  yet  hope  to  recover  frirther  indications 

of  the  inhabitants  of  a  district  which  seems  cut  off  so  singularly  from  the  rest  of  the 

world,  and  which,  in  so  largo  a  part,  is  now  buried  beneath  the  waves  of  the  great 

Pacific  Ocean. 


\ 
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hi  'ill  til'  tunitiuf.r-:  whfTt:  wr:  obtain  a  knowlbd^'  of  the  extinct  foiiiiuils  idiicli 
ft'iiiii-:liifl  fluriiiji;  111**  U'ri'inry  prriofl,  wo  find  them  grouped  together,  the  groupmg 
}ii<irrir  |rni«|iiiilly  innri'  niv\  iiiorr:  lirnitGr]  to  existing  zoological  and  botanical  kingdoms  as 
wri«  ii/lvnii/'i<  l^iWHril-.  the  iir-wiT  piirt  of  the  scries.  It  is  a  very  striking  feature  in  this 
/li^ftiliutioti,  ilmf  Ml.  .'I  period  with  n-sjwcrt  to  manroiy  remote,  but  geologically  modem, 
iiiiiny  iiniiiiiiU,  iiriw  liiiiilcd  ivitliin  nnrmw  ]>onnds,  wcrc  once  widely  spread ;  that  many 
iri'in-iii  r-nni-,  imw  ii'|»n':'.'*n1r(I  by  Kpc(.■i^.^  few  in  number  and  small  in  size,  were 
niii'iiMtlly  \tiii--il  in  rnriii,  iiml  iiifiiiitdy  abundant ;  nnd  yet  that  the  absolute  limits  of 
it'ilmiit  ruiiilIiiM,  rDiiiiiiijr  Inr^tT  Krotip?*  tlian  gniora,  hayc  scarcely  undergone  modi- 
fli"if  lull  'I'liii :  we  nrr  ill  Kuropc,  in  Asia,  and  in  AiLstrulia,  and  ahso  in  South  America, 
Hull  llip  M.iiTil  iirihn-iil  fiiiiiilirM,  wh»»tlu'r of  parhydirms,  marsupials,  edentates, monkeys, 
i»i  iiilii»t-i.  mi-  ilili  HpM'iiil  oviT  i«iniiliir  tracts  and  still  cut  off  by  similar  abrupt  and 
iiiiiKi  .Mintililo  lijMil ..  'I'bo  cIcphiMits,  the  rliinoi'i'n>sos,  the  hippopotamuses,  and  other 
■■I'. mill-  r.»nn  :.  iMn  n  ciMiiiiiituly  MssiuiuliHi  in  Ku;;land  with  lions,  tigers,  hyaenas,  and 
li.  II  ;.  lii\.'  ji.«\\  p:i ..  il  Mwuy  nilircly ;  but  tlioy  arc  n^pn-sonted  by  the  pig,  the  wild 
I  H.  «i.  i.N,  I'l.'  l».i.l'.  I,  Niid  others,  although  no  doubt  thoy  :ire  aKi  replaced  in  great 
!!..  ;  :i:-     u^  I'l.^  iiiiH.'  u«N[«fi|]  Unnii«tio  aninuds  introduced  and  ib^^tcrod  by  man. 

\  I  ;  fi.i  iin|i.>vtnut  nuAliUoatiims  of  the  caTth*«  audkec,  in  ihi?  part  of  the  world, 
:■  n  .\  li  M«  ,\  «v,  Ih^x  Olid  n  diHiht.  taikou  phitv  within  a  compuatiTely  rocent  period ;  and 
I  '■■  :\  ',•  \h.M  \h.'  iK-M'tHwioii  of  tho  tfurfiicv  which flepsmtnlffiq^and  from  the  Conti- 
\w\'..  \-\  x'.w  1^:i:  '  Kl:iniiec  frunt  oui' anoUier,  w«vhi  oontiiimd,  and  is  producing 
,it  ,; .  M  ru«  vi.:". .  '  n-:  or  uninipx^ant,  >wMk'  mt  the  samie  tiaR  nany  dlstiicts 
,'•  Nx«:  '■•:?»  r-. '■■'•.','  rv  ".■■■.." J^*it^.:  o^oA-irioii. 

!'"■,- V  ,-.v.^  'v  «v*  .;•.•..•  .-.isvx  ih:;s  scr.M:  vhysi.jd  obans*p$  .^f  t'-is  kind  must  and  wil 
VNSv^o  \\'^:\'^**v",»l!Vv;  .■''..r"!vi\'>>  ^»  ■'."*.  r,'.:.v.\:  '.x^  :*.*..•  .iv.:::-..i'.<  .:v..lvicc:dblcs  natural  to  the 
« '•'';  f.,' .  s**\,".*.j;**.  :••,:•'..  >\  ■.'*•.  '•.-.>  ovwr^x'-.v*. ::.■.:*.  *:•..•.'.■.•.>,  ^'..l  '.".i*  Tv"p"cr  :i  i^cdifying con- 
»*t  u«.M*  ,«'.'  «\'.-!.':'oV.  .?v.»l  «.v' ;"■::%!; sir.c  ^-sr'..•v.*  oriTAVu  *:v.r.pi  uscr^  i?  ^tm^  greath' 
,'  .nX*,  :•'.•  .vVf.  » \^  »•.•".  vrtN  !\.*  .■^.•.:  :'*-.ts  '■•'.v.. -.•.-.v.. 

C«vn^1u*i«M\.  v.-  ,^"  •;*,.■  V  :h.-  V:*:/r^  .-:'  :>..•  .i-:"-.  ::  :*  nv.v^wry  aat  we  should 
••.■...,-.:,   t.  :,    v.Kx".\-.   :v  .;.,.:.  V.:  .;:>..■  ■...>:  jrr:.'.:  :>.±^^^5  :i_£:  ha-re  affected  its 

i  •  *."■..•■•  .— '■»  *v  '  .;  ■.■>.■  >^  /  *■•■  :-N ■.•-:---:••*  :ui-i  fiitifjC  rs»:-jBi  of  the 
'^^      *    '.     \  -     ...      -.- .   *•■■-''<  -.v.-  -;  •:  ■<   r.  v:  ycvir  ,-:  ^1^77  :ap.  w^o  has 
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futSy'MU^  Iaw  does  in  fact  anist  in  diflcoverin^  fhe  rest,  and  thus  cvciy  generalimtion, 
•nd  «ean  ermj  suggestion,  tint  admits  of  wide  application,  brings  ns  more  ai^  more 
near  tiie  last  great  objae^  and  is  of  direct  advantage  to  the  progress  of  scienee. 
WhetiMf  bypotfaeses  tiins  put  forth  are  ultimately  found  to  be  true,  or  whether,  howerer 
•nseM  in  iSoB  existing  state  of  knowledge,  they  arc  in  themsclyes  unsound,  there  is  -still 
■dvantago ;  for  in  either  ease  progress  is  made. 

In  thus  endeavouring  to  point  out  the  advantage  and  use  of  those  gcneralimtions 
which  Biany  who  wish  only  to  apply  their  knowledge  practically  might  perhaps  pass 
by  as  not  adapted  for  their  purpose,  it  is  desired  to  impress  the  reader  with  the  sincere 
conviction,  that  without  sound  general  views  tlicro  eon  be  no  safe  practical  use  of  any 
science.  And  in  Geology  especially,  where  arbitrary  and  false  conclusions  might  readily 
be  drawn  from  partial  though  very  extensive  knoM'lcdgc,  it  is  the  more  necessary  to 
guard  against  the  very  natural  feeling  that  mere  theonj,  as  general  views  are  sometimes 
called,  is  little  more  than  an  amusing  chapter  of  romance.  General  knowedgo,  in  a 
subject  like  this,  is  in  fact  the  only  knowledge  that  has  any  value ;  for  a  power  of 
comparing,  based  on  such  information,  is  the  only  thing  that  can  be  uscfuL 

But,  on  the  other  hand,  there  is  no  intention,  while  thus  advocating  general  kiif  w- 
ledgc,  to  detract  from  the  value  of  minute  knowledge  on  matters  of  detail.  This  also 
is  necessary — absolutely  necessary — ^but  it  is  only  available  when  it  can  be  brought  to 
bear  by  a  due  appreciation  of  general  views,  connecting  isolated  facts  in  a  reason- 
able way. 

The  histoijidFigadiagy  shmn,  dn-a  stzftingimaomsr,  that  this  is  iSttn  case.  Fcm- 
sciences  haigsiattTaiiBed  so  rapidly,  md  few  have  had  sndi  vidlent  opposition  .to  con- 
tend agaiflit  Facts  haTO  been  .ceeunulated,  and  have  been  allowed  to  aosomulatc, 
because  it  is  difficult  to  contijfl nagainBtt&em  individually.;  4att<ayery  attompt  to  group 
these  fa(M8,  and  obtain  mesonrthln  feneidl  •views  from  coosBfamig'thcm,  has  been  met 
by  an  amy  of  detennined  (jjyieiHw,  whoihave*  aBSbdmed-f  gain  -t  admitting  any  con- 
clusions vhatefver  tatat  all<:i|9Qa^]fBS0oncexf«dtBiQtions.  Still  the  conclusions  have 
been  drawn;  ene  ^tfhgi«noniffi| II—  mun w \ ed 'Jtsflf  fty  simply  appealing  to  the  reason 
and  the  sbbms;  and,  ilHiDu^tEho  %&«aK  of  oppaaitiwn,  remains,  all  the  points  at  first 
demanded JMfB  been  anoeded  in  turn. 

Each  .|S«ntBRliMtian:hafy 'however,  induced  the^Qkcovery  of  new  facts,  and  these 
again  of  new  .•onelvwnis.  -Geology  has  been.at  length  recognised  as  involving  legiti- 
mate subjeets  of  inqiiXB7,:and  the  world  is  aowi^gimung  to  discover  that  it  may  also 
Involve  qoMttons  and  conclusions  of  the  greatest  importance,  and  the  most  direct  prac- 
tical utility. 

And  i^  in  spite  of  the  efforts  that  have  been  so  successfully  made,  our  science  docs 
not  yet  occupy  its  true  position,  it  is  at  least  satisfactory  to  know  that  it  is  advancing 
rapidly  towards  it,  and  that  the  time  is  gone  by  when  its  progress  can  be  seriously  in- 
terfered with  by  the  prejudices  of  those  who  have  not  made  themselves  acquainted  with 
its  focts,  or  have  imperfectly  studied  its  conclusions.  On  the  one  hand,  it  is  willingly  re- 
cognised as  lending  important  aid  to  men  engaged  in  the  practical  pursuits  of  life,  such 
as  mining,  engineering,  and  agriculture ;  and,  on  the  other  hand,  it  is  beginning  to  be  felt 
as  no  derogation  from  the  power  and  wisdom  of  the  Creator,  that  in  the  plan  adopted 
for  the  construction  and  carrying  on  of  our  earth,  and  of  the  material  and  organic 
world,  everything  was  foreseen  from  the  beginning,  and  formed  part  of  the  plan — that 
everything  succeeds  in  its  time  and  place  without  external  interference,  and  without 
risk  of  injury ;  and  that  each  organised  being  performs  the  task  allotted  Iq  ^  «sA  \ 
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retires  when  its  work  is  done,  having  assisted  to  cany  oat,  to  the  bestof  its  ability,  the 
one  great  and  unifbnn  system.  It  is  becanae  the  system  is  so  imifonn  and  co  perliBet, 
thattbeinteDectof  manoiaUeshimtodiBcsoTer  the  method  of  amnigeneiit  •dopted, 
and  make  use  of  the  discoTcry  fbtr  his  own  purposes,  and  to*bia  great  eonfwuaaee  aid 
adTantige.  Itisthusalao  that  the  study  of  the  earth's  cmst,  instead  of  beiag  a  menfy 
curious  and  yague  speculation,  has  become  the  means  of  obtainii^  wiA  fiwil^  Hm 
various  matmaJs  of  value  which  are  at  present  beneath  the  smAcc^  and  of  j»d|giigeo^ 
ceming  the  probable  condition  of  that  which  is  out  of  sig^  ilthmich  Aaro  ii  Ms 
external  indication  of  its  existence. 


PRACTICAL  GEOLOGY. 

lELtt(>duct£o]i--^Thc  objeot  of  g^olog^cjil  mvesti^tioiia  and  tKa  ^noml  rcsidt  of 
sutk  mquiriea  being  undoratoodj  i%  rtmaimi  to  coasiiUfr  tlic  various  mcMlcs  of  ita  appli- 
mtioa  to  practitml  purpo@ca  in  d^uL  dEiiaiil,  eq  that  \re  may  tlci^ly  proTO  that  this 
fdeace,  whioh  not  long  ago  luniis^d  the  public  mind^  and  al&rmcd  tho  timid  with  y&guo 
^ecolatioiifl  and  unfounded  th^riLi^  conc<}riiing  tho  origin  of  things^  now  involves 
mcL  ihAt  i&  absolutdj  necii^aaiy  to  be  known,  and  has  hccooie  an  eeaeutial  part  of 
BDiand  eduetUdon;  hcing,  in  fact,  a&  important  to  tho  engineer  and  min^  as  astronomy 
is  to  the  nftvigsitcn'. 

Since,  howerror,  it  h  the  c&s^  that  gcolo^  embraces  a  wide  range  of  fuBjects,  Eomo 
of  which  bear  mora  diroctly  on  the  natural  history  of  liTtng  and  e^nct  rac^a  of 
uiimals  and  vegetables,  while  others  are  more  strii^tdy  mochaiuoalf — and  that  the  latter 
ire  tho^  chiefly  concerned  in  the  practical  applicationfl  with  which  we  have  to  deal,^^ — 
a  very  brief  sanmiary  of  snch  facta  may  he  useful  in  entering  on  a  new  department  of 
the  subject. 

It  will  Appear,  on  a  little  consideration,  that  the  iacta  in  question  arc  of  very  dii- 
^t  kinds,  and  may  he  conaidered  separately ;  for  wo  may  regard  the  earth^s  crust 
either  aa  the  place  upon  which,  or  within  which,  various  operaticma  are  to  bo  perfomicd, 
07  wo  may  r^ord  it  as  the  great  depositary  of  all  useful  and  valuable  mmcrol  aub- 
itocee,  of  whatever  nature.  Thu3  the  agriculturist  will  regard  tlic  earth  and  tho 
mks  present  in  his  district  as  providing  the  soil,  and  supporting  the  plant  meehanlcally ; 
l^ut  ha  may  also  look  for  valuable  mincrala  to  mix  with  his  soil  on  tho  eurfitcCi  and 
Dioy  he  obliged  to  consider  what  hidden  hut  dtJterminablEJ  facta  will  interfere  with  or 
i^t  his  draining.     So^  agtiiii  tho  arehiiect  and  eugnnaer  will  require  tti  d\^  m  %;^\&<!^ 

MORGAWC  NATUft£.^No.  V,  "K. 


130  GENERAL  CONSIDERATIOirS. 


places  for  stone  and  clay,  in  order  that  they  may  erect  some  structure  in  another  place, 
where  it  is  important  that  the  foundation  should  be  sound,  and  where  no  imusoal 
difficoUiwmecd  be  anticipated.  And  so  also  the  miner,  while  he  is  merely  anxiousto 
extact  iBMnl  wealth,  must  also  r^^aid  and  carefully  estimate  the  difficulties  he  will 
fane  to  omkmA  with,  while  piercing  to  great  depths  beneath  the  sux&oe,  or  burrowiog 
to«idistaiioe  wiflBn  a  hill. 

How,  m^dsr  to  understand  the  applications  of  geology  thus  pweentod,  it  is  aecn- 
an^y^  be  liunilaririth  certain  principles  and  ikctsy  relating  chiefly  to  tiuiae  nuuMS  tf 
Sitter  alroadydiwmhnd  as  rodcs,  and  conceming  which  it  is  iiapiitoiif  that  tihe  pcie- 
IimI  giwliigiit  ahoold  know  both  their  mechanical  and  chwiriMl  uniilUlop,  <ad  their 
■ncihmifial  poeition.  It  has  been  the  object,  in  the  precedi]ig:faBM,  to  pveaent  these 
to  the  reader  in  their  simplest  and  most  comprdiensiTe  form. 

Sofih  focts  duly  appreciated,  and  the  basis  of  gedogicalacMoee  once  laid,  it  is  use- ' 
fill  to  notice  how  completely,  not  only  the]  earth's  stniciure  hot  the  hsbita  and  ercn 
ciriUaation  of  its  inhabitants,  conoponds  to  this  geologioal  eonditiaQ.  Thns  in  our 
own  country  it  has  been  often  ohaami  that'the  inhaliitanfB  of  Ae  '■■'"■'■'^■i"  distdctB 
differ  Hnch  ttam  those  of  the  pboBS,  iHiile  flioee  of  the  knrknds  vny  aeeocdi^g>toiiie 
Bttne  of  the  nnderiyiogrock,  beoanae  that  influences  the  coltivitiim. 
-'  Tlio  geologiBil-structure  and  oonfiguiation  of  any  country  are  the  main  foandatioas 
of  its  phyiieal  aspect;  and  the  Taiioiis  operations  of  ekratian,  dqpreaaion,  anddenoda-- 
tion.  which  it  is  the  object  of  the  geologist  to  study,  are  in  effect  the  canaes  of  all 
modifications  of  the  aspect  and  slnictm?'  as  originally  impressed.  Thus  the  mere  &ct 
of  a  lino  of  hills  in  a  country  or  a  district,  sloping  gradually  on  one  side  and  much 
stocper  cvn  the  opposite  sido — or  dsewhen?.  of  hiUs  rising  regularly  and  with  numotonj 
— wHL  of  itsdf  maik  th<;  physical  cause  of  such  appearance,  whether  it  is  due  to  a 
distinct  doY^ation.  or  to  the  outcrop  of  some  hard  bed.  Whererer  distinct  and  definite 
physical  foatures  occur,  some  geological  cause  may  always  be  traced ;  and,  on.  the  other 
hand,  cveiy  important  sK\)loeical  erent  that  has  last  happened  in  a  district,  is  indicated 
by  physical  foatiixvis.  A  knowledge  of  this  is  often  extzcmdy  nseftil  to  the  traydkr ; 
for  in  this  way  ho  may  detennine  the  pirobable  directianu  or  eren  the  poasihle  existence 
of  riT«rs  and  mountain  ridgcs«  and  also  the  places  where  natural  mxneral  xidies  are 
likoly  to  bo  found. 

The  natiutc'  and  use  of  g^-vloeioal  maps  and  sc^etions— ^  which  many  andezoellait 
examples  are  produood  by  the  ecological  survey  of  Great  Britain— may  also  be  recog- 
nised in  their  apphoation  to  important  practical  qucstioins  comstantly  arising  in  agii- 
cultuTC.  acriiulraral  or.ginocTing.  architcctxcre.  ciril  and  military  engineering,  and 
miniuir.  Each  v>f  those  pur^ts  and  prctfossions  baring  reiicrcsice  to  material  obtained 
ftvrni  the  enrth.  and  also  to  the  earth  as  the  basis  cvf  c^viirusans.  isrolpes  many  foets  of 
direct  gevvL>peAl  interest.  It  is  only  by  a  knowledce  of  geolocy,  and  of  the  mode  of 
applying  such  knowledge,  that  much  pivvpcss  ca::  be  made  in  the  higher  and  men 
suggestive  departmi^nts  of  these  seieneos :  aztd  it  win  nM  be  considerpd  that  tibere  has 
been  any  unneeessaiy  ov-msideratioin  of  details  in  what  has  becm  said  in  prerimu  pages 
ooneeming  the  nature  of  rock  masses,  their  rhfsiical  Cv-vnpcatioin.  the  mode  in  whidi 
they  were  a^^TN^ted.  and  the  changes  they  have  sanee  imdcm-me.  These  fiMSts  being 
the  f^nandation  of  praetieal  ceoloi^y.  an^  in  evrry  way  wccthy  of  careftd  eonadentioa, 
and  eannoi  be  t*v  well  underst*\\i  oir  too  oftem  thourfit  of  by  praetieal  men. 

"Whilst  the  applioatii'vns  of  geo!l<«cy  to  agrieuhare,  engineering,  and  mining,  are  direct 
jum/  inuBHNiiaiA  and  n-ill  requirv'  oaeh  in  its  turn  tise  careful  atuolian  of  the  stodent, 
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tiiere  is  one  other  lew  xnaiiz&Bt,  but  equally  cmmooted  with  the  subject,  that  may  be 
legaided  as  pxelimmazy.  It  la  not  alone  to  mechanifMil  arts  and  appHanoea  that  the 
stady  of  nature  ia  essential.  It  is  equally  so  to  those  who  would  represent  the  Taried 
physiognoniy  of  nature  in  its  rocks  and  mountains,  hills,  yalleys,  and  plains,  and  who  < 
&r  this  purpose  leazn  the  arts  of  drawing  and  painting,  and  apply  them  to  represent  the 
fdrms  and  colours  that  please  the  eye  and  instruct  the  intellect.  The  artist,  as  well  as 
the  engineer,  and  the  critic  in  art  as  well  as  the  artist,  require  knowledge  and  science, 
tiiat  the  one  may  produce,  and  the  other  recognise  and  appreciate,  a  true  transcript  of 
nstixrc. 

APPLICATION  OF  GEOLOGY  TO  TUE  FINE  ABTS. 

Mm^flmot  of  the  Study  of  Vatmml  BUtory. — The  general  principles  of 
Natural  History,  in  the  extended  sense  of  the  term,  have  rarely  been  the  object  of 
Huragbtful  study,  either  to  the  artist  or  the  critic  of  art.  This  has,  perhaps,  been 
owing  to  a  prevalent  notion  that  such  knowledge  would  tend  to  the  frittering  away  of 
power  in  minute  detail,  and  might  injure  ideal  truth,  which  it  is  the  highest  glory  of 
art  to  attain,  by  dragging  down  the  mind  to  the  contemplation  of  what  is  mechanical, 
and  belongB  to  the  individual  rather  than  the  species.  This  danger  has  probably 
been  over-estimated,  and  the  value  of  truth  in  representation  has,  in  a  coiresponding 
degree,  been  lost  sight  of.  Lately,  indeed,  landscape  painters  generally,  but  especially 
fbose  of  our  own  coimtry,  have  shown,  by  many  admirable  examples,  the  advan- 
tage of  a  dose  study  of  nature,  and  an  attempt  at  minute  adherence  to  this  truth. 
The  conventionalities  of  former  ages  are  regarded  in  their  true  light,  and  men  have 
ocine  to  believe,  by  the  evidence  6f  their  senses,  that  the  true  ideal  in  landscape, 
as  in  histoirical  painting,  is  to  be  obtained  only  by  honest  and  incessant  study  of  the 
woks  of  Nature,  an  acquaintance  with  the  laws  of  Nature,  and  a  careful  observation  of 
flfts  aetnal  lesiilts  of  those  laws  traceable  at  aU  times  and  in  aU  places. 

Bnt  it  has  hardly  yet  been  thought  essential  to  the  proper  education  of  every  one, 
with  ft  view  either  to  tiie  practice  of  art,  or  the  acquisition  of  a  sound  judgment,  that 
he  should  actually  know  and  imderstand  the  fMsts  of  Natural  History,  and  the  laws  of 
Kature.  We  are  aU  apt  to  regard  effects,  and  not  causes ; — we  look  at  the  objects 
befine-  us — not  with  an  inquiring  mind,  but  rather  as  simple  iactB  that  have  no 
nfiBzence  to  each  other  and  to  ourselves ;  we  often  neglect  the  most  important  of  all 
operatiaiis,  the  connecting  together  those  phenomena  that  we  observe ;  and  we  seldom, 
of  OUT  own  accord,  refer  our  sensations  and  enjoyments  to  their  real  sources. 

It  18  indeed  true,  that  since  llic  earliest  period  from  which  the  modem  art  of  painting 
am  date,  the  pursuits  of  science,  strictly  so  caUed,  have  mutually  honoured,  and  been 
boiuniTed  by  tiie  exertions  of  genius  in  this  high  and  noble  department  of  the  fine  arts. 
And  whether  we  consider  the  actual  details  of  discovery,  or  the  grand  generalizations 
irfueh  have  beeti  their  consequence,  the  imitative  arts  have  in  all  cases  been  assisted  in 
tiieir  progress  by  each  step  made  in  true  philosophy,  and  in  the  advance  of  physical  science. 
But  althougb  this  is  the  case,  and  notwithstanding  the  host  of  glorious  names  that 
erowd  at  once  to  illustrate  the  fiict,  yet  it  is  not  to  be  denied  that  the  advantage  has 
been  unequal,  some  departments  of  art  having  benefited  much  more  than  others.  Thus, 
while  in  the  great  works  of  Raffiielle,  Michael  Angelo,  Da  Yinci,  and  others,  we  recog- 
nise the  most  elaborate  and  thoughtful  truth  of  detail  and  appreciation  of  structure,  and 
Isam  that  the  study  of  their  lives  was  devoted  to  observe  nature,  and  iUuminata  ^ntib. 
Iheir  genius  what  tiiey  really  saw  with  their  external  iensM,  and  com\ix€tiBiA«^^^n&^ 
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their  intellects,  yet  were  their  studies  chiefly  limited  to  the  delineation  of  the  human 
figure,  and  some  few  of  the  more  ohvions  natural  phenomena  essential  to  the  eluddatioa 
of  great  historic  subjects.  There  are  reasonsfor  this  which  it  is  not  part  of  our  purpose 
now  to  discuss. 

Axl  and  Science. — It  is  beyond  question  that  great  and  suocessfol  works  of  art 
are  among  the  most  noble  and  the  most  useful  of  aU  human  triumphs.  Art  is  the 
expression  of  nature,  as  comprehended  by  the  most  pure  and  exalted  imaginatiye  powen 
of  man*s  intellect ;  it  is  the  means  by  which  aU  the  great  truths  of  nature  are  eoni- 
municatcd  from  man  to  man ;  it  iuTolves  the  great  principle  of  illustration  by  which 
the  senses  become  available  for  the  transmission  of  new  ideas;  it  is  the  agency 
CTiiployed  to  harmonize  and  civilize  the  great  mass  of  the  human  race. 

Science,  on  the  other  hand,  may  be  described  as  the  questioning  «md  invcstigatiiig 
of  nature — ^the  laying  bare  the  causes  of  things,  and  the  method  adopted  when  we 
would  analyze  complicated  phenomena,  and  comprehend'the  meaning  of  truths  observed 
and  idt.  Art  and  science  thus  woxk  t<^thcr  in  the  improvement  of  the  human  ffunily. 
Without  art,  scientific  investigation  has  little  interest  beyond  the  original  discoverer; 
for  it  is  not  enjoyed  and  appreciated  by  the  mass  of  mankind.  Without  illustration, 
adapted  to  the  nature  of  the  case,  the  discovery  of  general  views  is  useless  in  advancing 
and  humanizing  mankind.  On  the  other  hand,  art,  dissociated  from  science,  if  it  had 
already  advanced,  degenerates,  or  never  rises  above  the  faJse  ideal  of  the  uneducated 
fancy.  Chinese  paintings  well  illustrate  this  position.  The  artist,  therefore,  ehonld 
knaw  what  science  is — he  should  appreciate  what  has  been  learnt — he  should  be  aware 
of  what  is  possible  and  impossible  in  natuie.  before  he  gives  the  rrins  to  his  imagination. 
Science,  also,  must  avail  itself  of  the  tcsoutcos  of  art  to  be  permanently  and  generally 
U9efuL 

Art  and  science  being  thus  mutually  dependent,  it  will,  I  think,  be  manifest  that 
the  artist  should  not  be  contented  with  observing  things  as  they  are,  but  should  also 
inquire  into  cansciS.     I  have  already  observed  that  this  has  been  done  to  a  certain  extent 
in  the  case  of  the  human  figure;  fior  it  is  universally  admitted,  as  absolutely  essentia], 
that  the  artist  should  not  only  study  the  undraped  figure,  but  even  so  much  of  anatomy 
as  shall  teach  the  geneanal  strocture  of  the  body — ^the  bony  frunewoik,  as  well  as  tiie 
muscular  masses  and  the  connecting  tendons.     It  seems  reasonable  to  suppose  that  this  f* 
kind  of  knowledge  is  desinUe  in  one  departmoit  of  art  not  less  than  another;  tiiat 
if  the  earth  herself  is  to  be  dduieated,  it  should  not  be  without  knowledge  of  her  actual 
struoturc';   that  there  shouM  be  something  tanght  of  the  skdetnn  of  fundamffital  roA,    . 
the  muscular  covering  of  snpcr-imposed  masses  of  matta-,  die  drapent-  of  fqgetotioB, 
j    and  the  thin  and  de&ttte  vcd  of  finest  gauze,  which,  in  the  tana  of  atmoi^here,  is  tibe    f 
cause  of  si>  many  modifications  of  tint,  and  so  much  that  is  beantifiil  and  graceful  in 
colour  and  shade. 

Theobject^  in  the  subaequent  pagers,  wilibetiogivesochkiadof  ininnnatKm;  andit 
is  bclieT<f>d  that  thb  gncwnd  has  not  belwe  bc«n  oonipied.  It  is  not  indeed  in  tiie 
charactin'  of  a  <ntic  of  ait,  moch  less  »  an  aitass^  sfieaking  tr  MtAairw,  that  these  pagea 
are  writttn ;  fbr  the  author  of  them  is  n(4  saoflfeiaithr  aequainfeed  witili  art  to  ntfifce 
any  six^h  pretence.  He  drinks,  however,  that  be  knows  esioQg^  of  the  anbject,  as  ftflf 
iadicat>e>i  to  give  i^eftd  general  infMnafxm ;  and  Kemur  venr  deeply  interested  in  aU 
that  relates  tK>  die  sciAoe  of  gecili>^,  and  in  its  «pf£oaiMa  to  lanteape  paintings  hd 
T«eiituN«  to  give  opiBioes  «nd  |K^«itr  infenaalMa  in  ^e  iMpe  tibat  they  may  be  useAi^ 
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Thm  Art  of  Palnting.—It  has  been  often  stated  that  the  art  of  painting  is  a 
noble  and  ezprosaiye  language.  It  must  then  bo  accurately  learnt  before  it  is  fitly 
used;  but  the  mere  fact  of  its  being  learnt  does  not  necessarily  insure  the  production 
of  great  foid  admirable  pictures,  any  more  than  the  knowledge  of  ordinary  languages 
does  the  writing  of  a  great  poem.  To  produce  these  it  requires  invcntiYe  genius  and 
truth  of  application,  as  well  as  familiarity  with  its  use ;  and  being  thus  an  instrument 
by  which  man  addresses  his  fellow-men  with  the  intention  of  communicating  ideas, 
that  kind  of  art  will  readily  be  admitted  to  be  the  greatest  "  which  conveys  to  the  mind 
of  the  spectator  the  greatest  number  of  the  greatest  ideas."  If  this  is  so,  then  truth  of 
natore,  derived  fix>m  a  knowledge  of  Nature  and  her  laws,  is  the  only  foundation  of  true 
greatness  in  art ;  for  there  is  nothing  groat  in  falsehood,  nothing  pleasing  in  ignorance ; 
and  certainly  nothing  impressive  can  be  produced  by  the  mere  repetition  and  reiteration 
of  examples  of  acknowledged  rules. 

Knowledge,  then,  is  desirable,  in  order  that  the  artist  may  understand  how  nature  is 
to  be  truly  described ;  and  in  art,  as  in  the  ordinary  affairs  of  life,  it  is  well  to  bo  aware 
of  causes  aa  well  as  Deusts,  that  we  may  fitly  perform  our  part  in  the  world.  The  know- 
ledge needed  by  the  artist,  with  regard  to  natural  objects,  involves  various  inquiries, 
qiread  over  many  sciences,  and  perhaps  for  this  reason  has  not  yet  been  conveniently 
collected  into  a  single  and  comprehensive  treatise.  Wc  must  resort  to  chemistry  and 
meteorology,  to  physical  geography  and  geology,  to  zoology  and  botany ;  and  from  each 
of  these  great  and  important  pursuits  we  must  seek  for  information  concerning  fiEUits 
and  causes  which  can  afterwards  be  brought  to  bear  for  the  benefit  of  the  true  and 
honest  student  of  nature. 

Nor  is  information  of  this  kind  less  useful  to  the  general  reader,  who  has  been  told 
(^  facts,  but  has  not  yet  brought  his  information  to  bear  in  any  practical  way  on  their 
application,  whether  to  art  or  other  purposes.  Knowledge  is  good,  but  knowledge 
without  thought  and  comparison  has  but  little  practical  value.  Wo  must  therefore 
trace  the  relations  of  these  sciences,  and  the  fiill  though  often  obsciire  application  of 
the  laws  we  discover. 

The  facts  and  truths  of  nature,  which  we  propose  to  consider  and  describe,  relate, 
first,  to  the  conditions  in  which  matter  is  presented  to  our  investigation  on  the  globe ; 
secondly,  to  the  forces  which  affect  matter,  and  the  modifications  they  induce ;  thirdly, 
to  the  internal  structure  of  the  earth,  as  affecting  its  external  aspect ;  and,  lastly,  to  the 
▼ay  in  which  the  earth  is  clothed  with  vegetable  and  covered  with  animal  life. 

In  that  part  of  the  present  treatise  devoted  to  physical  geography,  it  has  been  men- 
tioned that  the  earth  is  composed  of  matter,  and  combinations  of  matter,  presented  for 
investigation  in  the  three  forms  of  solid,  gaseous,  and  liquid.  There  is  the  solid  nucleus 
of  land,  an  ocean  covering  a  large  part  of  the  land,  and  an  aerial  or  atmospheric  veil 
covering  the  wholes  more  or  less  completely.  First,  let  us  proceed  to  consider  the 
atmosphere  as  it  affects  the  principles  of  art — a  subject  of  vast  importance  and  great 
extent,  and  which  we  can  only  very  slightly  sketch  on  the  present  occasion. 

This  atmosphere  is  a  transparent  veil  of  elastic  matter  entirely  covering  the  earth, 
and  extending  to  a  distance  of  more  than  forty  miles  from  its  surface.  At  that  distance, 
however,  it  is  so  exceedingly  thin  and  expanded,  that  no  instruments  we  are  possessed 
of  would  enable  us  to  form  any  notion  of  its  existence.  When  it  is  considered  that  the 
diameter  of  the  earth  is  8000  miles,  the  language  used  in  respect  to  the  atmosphere, 
that  it  is  nothing  more  than  a  thin  veil,  will  be  seen  to  be  justified,  for  in  reality  it 
does  not  correspond  to  more  than  a  coat  of  varnish  on  a  terrcstial  ^lobe  thx^  iftR^.  \s^  \ 
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dtameter.  It  is,  howeyer,  important^  when  considered  wiUi  regard  to  snzftoe  phenomena 
of  the  eardi;  and  all  Hying  heings  on  tiie  globe  actqally  depend  on  the  air  tibey  breathe 
for  the  continaance  of  their  existence  from  one  instant  to  another. 

IJghti— With  refierenoe  to  the  principles  of  art,  the  atmosphere  is  importaat  chiedy 
in  ifs  relations  to  lig^t,  and  this  parUj  in  its  pure  state,  without  aqneons  TBpoor,  and  as 
a  sobstance  nearly  bat  not  quite  transparent,  but  chiefly  in  connection  with  die  bugs 
quantity  of  water  iHiich  is  always  present  in  it;  sometimes  hdd  in  solution  in  a  way, 
and  to  au  extent,  scarcely  interfering  with  its  tran^aiency— eomeiimes  yinble  in 
the  shape  of  mist,  and  sometimes  in  the  apparently  solid  finan  of  ckmd.  The  atmosphere 
is  greatly[afiEected  in  all  respects  by  changes  of  temperature  and  dectrie  condition,  and  thn 
its  phenomena  are  influenced  by  the  laws  governing  li^^t,  heat,  and  electricity.  Feob 
the  action  of  such  laws  occur  numerous  changes  of  very  considerable  magnitude  in  rela- 
tion to  the  condition  of  the  air  and  its  eflect  on  the  appearances  of  near  and  distant  objeotii 

To  the  artist,  light  is  so  important  in  many  ways  as  to  need  a  special  stn^,  in 
order  to  comprehend  folly  its  natore,  properties,  and  effects.  It  is  important  in  itnlf 
positively,  as  beiiig  the  only  means  we  have  of  clearly  distinguishing  and  folly  oom- 
prehending  the  various  objects  that  surround  us.  In  this  sense  it  is  desirable  that  dl 
should  know  something  of  its  nature,  in  order  that  we  may  learn  how  to  make  xm  of 
it,  and  apply  our  kno^dedge  to  determine  its  effects  on  various  material  objeoti.  But 
it  is  very  important  to  remember,  that  without  the  atmosphere  light  would  be  of  no 
essential  use  to  us.  AD.  would  be  x>ositive,  direct  light,  or  absolute  and  total  *i<w<mii— 
Our  visual  organs  are  so  constituted  as  to  require  certain  modifications  of  li^ht,  and 
such  a  distribution  as  shall  insure  shadows  not  perfectly  dark.  These  are  esseaitial  to 
the  use  of  our  organs  of  si^t  If  it  were  not  for  the  condition  of  the  atmosphere  as 
it  exists  on  the  eartii,  light  mi^t  indeed  be  conveyed  firom  the  sun  to  us,  and  Ihns 
reach  the  eye  directly ;  but  in  this  case,  every  object  that  interfered  between  the  soune 
of  lig^t  and  the  organ  of  vision  would  produce  perfect  darkness;  not  a  shadow,  in  our 
sense  of  the  term,  but  a  blackness  or  darkness  &r  greater  than  anything  we  ever  pov 
ceive  or  can  imagine.  Total  daikness  would  occur  in  such  case  every  time  the  son 
was  concealed.  It  would  be  impossihle  to  have  indirect  lig^t,  for  within  any  building 
where  the  sun  could  not  directly  penetrate,  or  to  which  there  was  not  direct  reflection, 
the  g^oom  would  be  totaL  There  would  be  nothing  more  than  broad  open  sunshins^ 
and  perfect  black  daikness.  Such  would  be  the  condition  of  things,  were  we  eitfaer 
without  an  atmosphere  (if  that  were  possible),  or  provided  with  an  atmosphero  nhiflh 
was  perfectiy  transparent,  and  allowed  all  light  to  pass  through  it  without  reflecting  any. 

Our  ideas  of  light  are,  however,  so  completely  derived  from  its  effects  as  seen  on 
the  eaiih,  and  are  thus  so  associated  with  the  results  of  atmospheric  action  in  abaoib- 
ingand  distri^buting  it,  thatwc  can  with  great  difficulty  imagine  any  ^undamantal 
modificatiim^ — although  there  is  no  doubt  that  the  conditions  of  its  existence  might  be 
very  much  altered  in  many  respects.  As  it  is,  however,  their  supply  of  this  importnit 
agent  is  governed  and  affiacted  by  a  vast  number  of  causes.  Thus  a  certain  propartkm. 
of  tiie  lig^t  coming  to  the  earth  is  at  once  absorbed,  or,  as  it  were,  annihilated;  the 
qoantity  depending  on  the  quantity  of  air  passed  through.  It  has  been  estimated,  that 
if  our  atmosphere,  iroitiead  of  being  finty  miles  hig^,  were  as  nmch  as  seven  hmidBed 
miles,  and  all  of  the  same  nature,  this  difference  alone  would  be  sufficient  to  inson  the 
total  absQipition  of  all  direct  li^t  frxHu  ^be  sun  before  the  solid  sorfiuse  waa  rewhed. 
In  tlna  otae  the  atmoiphero  would  be  light,  but  the  earth  totally  dark. 

•iiAAbMivaMaofUskt.-Of  the  li^  not  ah- 
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sorbedy  a  part  is  diipened  or  distrilmtod  by  roflcction,  so  as  to  produco  mucli  illumma- 
tion  in  the  atmosphere,  where  no  direct  beams  are  introduced,  and  where  there  is  no 
direct  reflection  from  any  apparent  substaaoc.  When  a  solid  body,  not  transparent, 
is  placed  between  the  snn  and  the  earth,  the  rays  of  light  (which  move  through  space 
in  straight  lines)  are  intercepted,  and  the  natural  result  would  be,  that  an  absolute 
shadow,  or,  in  other  words,  a  total  darkness,  would  result.  This  is  prevented  by  the 
dispersion  of  light,  so  that  shadows  never  show  more  than  a  partial,  and  often  only  a 
Tery  small  decrease  of  brightness,  toning  by  gradual  degrees  from  the  deepest  obscurity 
at  the  centre,  to  a  near  approximation  towards  broad  light  at  the  edges.  Small  objects 
thus  show  less  deddod  and  less  deep  shadows  than  larger  bodies,  and  the  largest  are 
greatly  a£B90ted  in  the  depth  of  shadow  by  the  brightness  of  the  surrounding  light,  and 
the  clearaBM  of  the  air.  So  also  in  the  interior  of  buildings  imperfectly  lighted  by 
▼indows.c^ened  in  vertical  walls,  the  direct  light  Uiat  enters  is  small,  but  ample  illu- 
mination  ia  obtained  in  consequenoo  of  dispersion.  Thare  is,  however,  besides  true 
di^eraosi,  a  large  reflection  of  light  fh)m  all  solid  bodies.  Some  of  blaokxoloiir  reflect 
indeed  hardly  any,  abtocUng  almost  all ;  while  others,  with  a  brigjit  whiter  smeflioe, 
reflect  na«dy  all;  and  the  intervening  degrees  of  brightness,  with  some  modifleatJnn 
from  iKiMi.iiiwinpiiiinl  with  fhe  quantities  of  light  absorbed— the  dadoest  abMnbmg 
most>  iiwiWiii  UjiHui  reflecting  most 

iLpemnl  of  li^^  in  passing  from  the  sun,  proceeds  in  a  straight  line  till  it  reaches 
the  transparent  atmosphere  of  our  globe.  With  the  exception  of  those  rays  that  enter 
the  atmosphere  vertically  the  pencil  is  then  bent  aside,  and  continues  bending  round ; 
the  successive  departures  fix>m  the  straight  line  depending  on  changes  in  the  density 
of  the  air,  and  therefore  gradually  increasing  from  the  outer  limit  of  the  atmosphere 
to  the  solid  surface  of  the  globe.  This  deflection,  which  takes  placo  every  time  that 
light  passes  from  one  transparent  medium  to  another,  is  called  refractum^  and  produces 
a  number  of  efEects  of  great  importance.  Owing  to  this,  the  sun,  stars,  &c.,  ore  never 
seen  in  the  places  they  actually  occupy  in  relation  to  ourselves  on  the  earth;  for  the 
ray  that  impinges  on  the  atmosphere,  and  is  bent  there  at  a  certain  angle,  comes  to  the  . 

'  eye  as  if  from  a  different  .point  to  the  real  one.     So  also,  when  any  object  is  seen  through . 

I  an  atmosphere  of  varying  density,  or  through  glass  or  other  transparent  substance,  all 

;  rays  not  ftntj^ring  perpendicular  to* the  interfering  substance  are  bent,  and  give  a  false 

.  idea  of  position.  The  nearer  the  sun,  moon,  or  stars  appear  to  be  to  the  horizon,  the 
sure  is  the  light  refracted,  and  therefore  the  more  false  is  the  assiuncd  position  of  tho 
body.    At  the  rising  and  setting  of  tho  heavenly  bodies,  there  is  thus  the  maximum 

'  Turiation  from  refraction. 

!      All  visible  objects  are  so  only  from  tho  fact  that  they  cither  emit  or  reflect  light ; 

'  and  as  every  part  of  a  surface  reflects  according  to  the  same  law,  a  complete  impression 
of  form  is  transmitted  through  the  eye  to  the  mind.    Where,  however,  either  refraction 

I  or  reflection  is  imperfect,  and  tho  form  impressed  is  incompletely  given,  mistakes 

I  occur  of  the  gravest  kind. 

I  MIzage.— Atmospheric  illusions,  connected  with  irregular  and  xmusual  refraction, 
are  well  known  to  occur  in  various  parts  of  the  world,  and  on  various  occasions.  In 
the  Scotch  mountains,  and  on  the  Hartz,  gigantic  shadows  have  frequently  been 
observed  projected  on  mists  or  cloud,  sometimes  Ibe  reflection  of  the  individual  observing 
the  phenomena,  but  not  unfrequently  enabling  a  person  to  see  distinctly  objects  which, 
under  ordinary  circumstances,  would  be  hidden  either  by  the  curvature  of  the  earth  or  the 
intervention  of  a  mountain.    In  the  Polar  seas,  where  oausea  of  xme^^iasl  x^S£^K^<;n^  «e& 
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Y^Tf  mrnmcaif  iMps  lm.r&  offccn  been  s«en  m  the  most  e xtraordbiBfy  poslti^jna ;  and  m  l^a 
greai  desert,  tkc  &Ue  appearance  of  w^ter  itjid  trei^  in  the  distxnee  is  freq^HieiiL  UodfT 
the  nam«  mira^i  these  sangulir  plLeaomeiui  luTe  l>een  often  descriVe^    Tlie  ^£a  »ior- 


ganoj  comman  enongh  <>il  the  coa&l  of  SkHj,  is  aaotber  singular  example ;  and  t!ie 
atmo^ipherie  illu^an  r^reaented  mbore  tHI  enables  th^  trader,  not  fatniliM"  vith  suc^ 
^1^,  to  judge  of  the  nature  and  ejctent  of  the  change  pTOdnced. 

C dl<m#«— A  peoidl  of  white  light  piroccediiig  from  the  smi  is  eomponnd ;  b^ng,  ia 
&ct,  a  combmatioin  of  rayt  of  coloured  light,  h«at  tayis,  tara  prodncing  chciELiad  auction 
ice.,  in  oetrtain  propoitions  which  we  need  not  here  di^enas.  When  light  &lh  on  some 
£uhstan£«s  whifh  hare  the  powet  of  ahaorhmg  colour-raj^  in  ik  different  prupartiim 
from  that  which  makea  whitcnoss^  the  refifi^^ted  pottina  becomes  tinted  with  colour; 
and  if  a  ray  is  transmitted  through  glas%  w«ter,  or  other  tamspaiect  Eubetanees,  plaeed 
in  certain  position^  it  i^  decompOK!d  on  emergence,  presenting  a  line  instead  of  a  spolof 
light,  and  exMbltiiiig  cotoura^  if  the  imnge^  i&  neceiTcd  on  a  while  sur&c^-  This  colofnred 
lim*  15  called  th^  prisEoatic  speetrnm.  A  dTop  of  w:ater  and  a  pdsm  of  glass  perfbrm  the 
nme  operation  in  Ihia  respect,  smd  when  the  eye  i&  so  plated  as  to  leeeiYe  the  imagea 
fifom  a  nmnber  of  drcipa  at  the  same  time,  the  result  is  a  rainbow  or  halo,  according  to 
CH^cmnstitniceg,  Th3  rainbow  is  then  a  r^^t  of  the  breaking  up  into  thdr  ^ereral 
parts  of  the  rays  of  wMte  light  prtMceding  from  the  s^un,  each  one  being  decomposed  m 
it  passes  through  a  ^trp  or  reside  of  water  firmed  in  the  air  during  a  show&t  and 
about  to  he  preeipitatod  in  the  fonu  of  a  drop  of  rain. 

It  will  then  be  easilj  nnderstood  that  a  rainbow  ia  so  only  to  the  speetator,  and 
that  eai^  apeciator  aeee  his  own  bow  and  no  other*  Oeea^onaJly  a  second  bow  h  also 
seen  at  the  tame  time,  outside  the  first  or  principal  on^^  formed  by  ray^  twice  leHeeted 
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▼ithin  other  drops.  This  second  bow  has  tho  colours  roycrscHl,  and  is  fainter  than  the 
first,  moro  light  being  lost  by  transmission  and  reflection.  Tho  natural  order  of  colours, 
or  that  obseryod  in  the  principal  arch  commencing  nearest  tho  earth,  is  from  violet 
through  the  ahados  of  blue  to  yellow,  and  thence  through  orange  to  tho  shades  of  rod. 

The  rainbow  is  an  arch  depending  for  its  completeness  and  magnitude  on  the  alti- 
tude of  the  sun.  When  near  tho  horizon  there  is  nearly  a  semicircle,  but  often  a  part 
is  wanting.  When  tho  obseryor  is  placed  on  rising  ground,  ho  may  see  more  than  a 
half  cirde,  and  if  it  were  not  for  the  interference  of  the  earth  a  circle  would  be  visible. 
In  the  case  of  waterfdls,  and  natural  or  artificial  fountains,  a  coloured  circular  halo  is 
not  unfrequently  seen.    The  interior  of  tho  bow  is  brighter  than  the  rest  of  the  sky. 

Other  eflfoots  of  coloured  light  are  seen  in  consequence  of  the  absorption  of  certain 
rays  while  passing  through  a  large  quantity  of  atmosphere  mixed  with  aqueous  vapour. 
In  the  absence  of  much  vapour,  moro  yellow  and  rod  rays  than  blue  are  absorbed,  and 
thus  we  have  the  dear  sky  showing  a  deep  blue  tint.  As  vapour  is  added,  the  blue 
beoomes  first  gray,  and  then  yellow,  passing  through  orange  tints  to  tho  deepest  red, 
the  Uue  rays  first,  and  then  the  yellow  being  token  up,  and  nothing  left  but  tho  red, 
vhen  at  early  morning  and  sunset  the  bright  light  of  the  rising  or  setting  sun  passes 
throng  acnd  la  dimmed  by  a  large  quantity  of  atmospheric  air. 

^10  peonliar  grayness  that  affects  all  lights,  whatever  be  the  quantity  or  colour,  is 
weH  known  to  artists,  and  tho  cause  of  it — vapour  in  the  air — should  never  be  lost 
sight  of.  Distances  require  more  and  more  gray  as  they  recede,  and  positive  colours  of 
an  kinds  mnst  he  laigoly  qualified  with  this  sobering  mantle,  if  they  arc  to  represent 
truly  a  natural  object  in  its  natural  state. 

Ckdour  is  communicated  directly  to  various  objects  by  the  agency  of  tho  atmosphere, 
hut  it  is  also  possessed  by  them  naturally.  Thus  we  not  only  have  rocks  of  numerous 
tints  of  rod,  yellow,  and  blue,  but  they  are  often  coloured  by  lichens,  mosses,  herbage, 
flowers,  and  trees ;  so  that  there  is  hardly  a  single  shade  that  may  not  bo  matched  in  a 
landscape.  The  morning  and  evening  lights  passing,  as  has  already  been  said,  through 
many  layers  of  air  charged  to  a  different  extent  with  vapour,  give  all  imaginable 
colours  of  yellow  and  red  to  the  clouds,  and  mists  on  and  near  the  horizon  at  no 
great  elevation;  while  the  light  passing  somewhat  higher,  having  the  blue  and  yellow 
rays  abstracted,  gives  a  clear  rosy  tint  to  tho  elevated  summits  of  mountains.  When 
these  are  covered  with  snow,  the  tint  thus  thrown  and  reflected  becomes  more  delicate 
and  exquisite  that  can  be  conceived,  and  tho  contrast  afforded  between  tho  last  rosy 
reflections  from  a  snowy  peak  long  after  tho  sun  has  sunk  beneath  the  horizon  of  the 
plains,  and  the  cold  silvery  gray  of  moonlight  succeeding  it,  is  only  to  bo  understood  by 
those  who  have  wandered  in  mountain  districts,  where  the  climate  is  flne  and  the  air  pure. 

Aiazoia  Bovealis.— Temperature  greatly  affects  the  state  of  tho  atmosphere  in 
regard  to  light,  both  transmitted  and  reflected,  and  thus  also  modifies  colour.  But 
besides  temperature,  the  electrical  condition  of  the  air  assists  in  producing  phenomena 
of  great  interest,  especially  in  cold  climates  and  high  latitudes.  Of  this  kind  is  the 
anrora  borealis — an  evidence  of  a  peculiar  kind  of  storm,  during  whose  brilliant  corus- 
cations the  electric  equilibrium  of  tho  earth  is  restored.  This  phenomena  is  connected 
with  tho  position  of  the  magnetic  poles  of  the  earth,  and  takes  place  in  the  upper 
regions  of  tho  atmosphere,  being  frequently  seen  at  the  same  time  over  a  largo  extent 
of  the  northern  hemisphere.  A  similar  appearance  has  been  observed  near  the  south 
pole.  Few  artists  have  ventured  to  catch  the  evanescent  and  delicate  tints  displayed 
during  this  play  of  elements.    They  are  equally  difficult  to  connect  onii  TCi\,"Mii\  wA^^ 
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f«  )Ht^  }mp«»  td  r«taittiAi|  tb«  ««iexii«le  ffftiwiatiun  of  srf 

TV)  Er4J/^wrn;  aef^rjot  <3f  the  snront  1B117V  ^Mwerer,  be  iMefid,  m  iiii 
AfiMih  th^  ^:l)Mf  poiiiU  in  A  maipietie  itoiBL  ^  t]i£  nsooEBiaictfiieDi,  »  wMt»  and 
Itfmimmii  f^ii/ni'l  >p|i<nni  io  ihe  ^rt/dimi  of  tbe  iQa^zb?^  pole,  and  rvriiaiiis  time  ^ 
h/ntm  In  n  vtAlfiyrwry  prMitkm.  Fnmi  time  to  timfr  lammood  wmYcs  ukd  fad^tt  psncili 
''f  lighi  tfprf'^A  thfimBtAvf^n  atotnw)  the  dood,  while  Wi^t  fldittttlstiotts  ad 
of  nrtiit'n  irvmy  nr  hrm  llluminalbtdf  n^pp&KF  «od  diwFpear  roccesnTelj  ai 
HmnfMmm  tho  light  riftho  4;Vj4ad  U  pkik  pbik,  bnt  oeca&kmall^  flume  ebhnnod,  and  the 
whoki  fM**t«^J<  ;fft»«r>fil  th<^  appmrMUce  (ff  &  grc^t  fire  blAxing  Qo«r  tlie  liorizoiii. 

Althiniitti  thff  linj^litnnM  ol  tlic  amxtra  ia  often  tctj  considerable,  tko  fiju^  stsii 
may  frm]tit>nt1y  }m  tlUiim^ly  riocn  through  it,  oJui'iring  ilmt  the  mtenfiity  is  mmHf  and 
f  Ymi  it  #14  Mil  tin  in  II  in  hii^her  rrgitTnn  of  th«  atniO«ptiejie. 

It  iMf'i  f'lr  many  bonni  oven  in  our  latitudesj  and  fiii1h£r  nortih  h  ofton 
irif'tHHiant  ihiHnji  Oi<>  long  wintor  nif^hta. 

Thr  iuiiit>ji44L  ('lit  ff'pnwiDnt«  nomo  of  tho  ardlaajy  uppeuttDces  of  an  aurcnm}  as 


^kvfiriht^  dw  ^(Mt  <^\#i  1W10^  w««^i*>An  j^-^wviftli^  m  ^  \icbi^  cf  pK^]od  ioe^ 
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%M  noi'uecfttlozis  are  aoiiK-'tinioa  j^  brlUlaiit  and  of  oiich  oztracmlLiiKty  yi^^os  of 
.ooicnir,  08  utterly  to  oxcoed  anything  in  our  own  klaud»,  Yery  cuxioitA  modi* 
I  of  the  atiTcnnl  ar^h  havo  bocu  obfieryed,  and  it  eTen  appears  that  bcudo  diatTi«ti 
» frequently  eubjoct  to  thcrsG  magnotio  fitomu  than  they  woio  in  foimer 


inA«tM]1oudB  am  phenomena  iar  more"  EtationaTy  and  more  easily  atudiad. 
mmati  howoyer,  oEily  of  certain  portions  of  the  vapour  picaent  in  the  air,  ron- 
bibla  froquGintly  by  tlie  contact  of  two  attnoaphoric  cuironta  in  diffoTent  oondi- 
to  teoipecatuTG  and  doctrioityf  and  constantly  being  d«!9troyed  and  replaoed,  oyon 
ppai^ontly  remaining  tmohangcd.  light  fleoey  cloudar  in  tho  Mgher  parta  of 
lovphero^  ftro  no  doubt  inunodiatoly  conn^^cted  with  elcotaical  changpi,  and  may 
l»end.ent  of  temperature^  and  have  nothing  to  do  with  min  i  hut  otlu^s  netr@r 
h  atio  mor«i  easily  traceable,  and  more  permanent^ 

ida  ara  of  varioua  kinda^  ejditing  in  very  different  part*  of  tho  atmofphcre,  prtj- 
nd  nuMiiflod  in  yarioua  ways,  exhibiting  diatinut  modes  of  groupingj  celotir,  and 
id  requiring  to 
sed,  not  only  in 
7ei,  hut  with 
m  to  the  fitatca 
atimospbero  in 
soch  kind  pre- 

The  highest 
la  flJready  r&- 
o  ai  porobablj 
ad  with  olec- 
hiD§G&  in  the 
^Brtiaiiaof  the 
luj  arc  tech* 

iM&i  tirrm, 
f  m  iQTm  and 
a  Apidly  and 
Uj,  Longhair- 
taka  of  broke  II 
;  apreading  out 
ika  form,  OB  ir 

Snife*  QX  rninnl] 

f  cnrly  vapoui'j 
tika  fleeces  of 
rer  theakyj— 
none  an  in£- 
ihapes,  and  are 
V  in  tbo  finest 
in  our  lati- 
aing  known  by 
Dsnkes,  snchaB 
tail,  mackarel 

1^     which      UlC  TAMltLlOK^ 

if  ihfi  poet  or  the  SEulor  hare  gives.     It  is  often  difficult  to  detfifrmine  tk;^ 
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eleratioii,  as  they  range  far  above  the  tops  even  of  the  loftiest  mountains ;  but  lliey  have 
been  calculated  as  occurring  at  least  four  miles  above  the  surface  of  the  land  in  some 
parts  of  Germany. 

In  these  fleecy  vapours,  often  perhaps  snowy  even  in  the  greatest  heats  of  summer, 
owing  to  their  great  altitude,  are  formed  those  halos  and  parhelia,  or  false  suns,  which 
are  occasionally  observed ;  and  these  are  doubtless  due  to  the  refraction  of  the  light 
through  frozen  particles. 

Parhelia.— The  following  account  of  a  remarkable  phenomenon  of  this  kind  is  from 
the  "  Philosophical  Transactions  of  1733,"  and  is  illustrated  in  the  Cut  in  the  preceding 
page.  It  is  by  Whiston,  who  says,  "About  10  o'clock,  a.m.,  Oct.  22,  1721,  being  at 
Lyndon,  in  the  county  of  Rutland,  after  an  aiirora  borcalis  the  night  before,  windW.S.W., 
I  saw  an  attempt  towards  two  mock'  suns.  About  half  or  three  qoiarters  of  an  hour 
after  I  found  the  appearance  complete,  when  two  plain  parhelia,  or  mock  suns,  appeared 
tolerably  bright  and  distinct,  and  that  in  the  usual  places — namely,  in  the  two  inter- 
sections of  a  strong  and  large  portion  of  a  halo.  The  mock  suns  were  evidently  red 
towards  the  sun,  but  pale  or  whitish  at  the  opposite  sides,  as  was  the  halo  also.  Look- 
ing upward,  we  saw  an  arc  of  a  curiously  inverted  rainbow.  This  arc  was  as  distinct 
in  its  colours  as  the  common  rainbow,  and  of  the  same  breadth. " 

Varieties  of  Clouds.— When  the  cirrus  clouds  are  abundant,  they  often  precede 
at  short  intervals  a  change  of  weather.  They  then,  in  consequence  of  altered  tempera- 
ture, and  the  meeting  of  currents  of  air  in  diflferent  meteorological  conditions,  pass  into 
streaky  bands  more  adherent  in  appearance  than  the  cirrus,  and  obscuring  the  light  of 
the  sun.  The  atmosphere  near  them  becomes  white ;  and  if  at  the  horizon,  strong  bands 
of  dense  vapoury  clouds  replace  the  light  fleece.  These  are  called  eirrO'Straius  clouds. 
Occasionally  the  light  small  ragged  and  fleecy  portions  in  the  upper  air  become  appa- 
rently more  compact,  and  resemble  balls  of  rather  loose  cotton,  several  cumulatiiig 
together,  but  not  obscuring  to  any  extent  the  light  of  the  sun  or  moon,  which  are  readily 
seen  through  them,  surrounded  with  a  corona.    This  is  eirro-eiimultis. 

The  streaky  character  of  the  cirrus  is  often  observed  in  what  seems  to  be  a  peculiar 
modification,  Hie  clouds  appearing  to  diverge  from  a  point  in  the  horizon,  widening  and 
spreading  out  towards  the  zenith,  and  again  collecting  towards  a  i>oint  in  the  horizon 
diametrically  opposite  the  first.  This  is,  however,  an  optical  illusion;  the  clouds 
really  existing  in  parallel  bands,  and  the  collection  into  a  point  at  the  horizon  being 
a  simple  efiBect  of  perspective.  The  i>oints  of  the  compass,  towards  which  such  clouds 
appear  to  converge,  vary  in  different  places  near  the  equator ;  they  are  chiefly  north 
and  south,  but  in  our  climate  and  latitude  they  are  more  commonly  tending  towards 
north-east  and  south-west. 

All  these  varieties  of  cloud  appear  to  pass  into  the  cumulus,  which  are  much  lower 
and  more  distinct  in  form,  and  often  accumulate  during  warm  weather  in  the  heat  of 
the  day,  by  the  passage  upwards  of  currents  of  heated  moist  air  meeting  the  cooler  air 
of  the  higher  regions.  Towards  night  the  currents  cease  to  rise,  the  air  clears,  and  the 
clouds  may  disappear.  But  this  is  not  always  the  case,  as  they  sometimes  continue  to 
rise,  and  passing  first  into  the  state  of  cirro  cumulus  terminate  in  cirri. 

It  is  the  cirrus  and  cumulus  clouds  that  chiefly  deserve  the  careful  study  of  the 
artist.  They  present  the  most  fantastical  forms.  Their  colour,  though  sometimes  a 
dull  gray,  is  often  of  the  most  brilliant  white,  and  they  take  rosy  and  other  tints  from 
the  rising  or  setting  sun.  Their  shape  is  heaped  and  massive,  feathery,  or  curl-like^ 
grand,  beautiful,  or  pretty,  as  the  circumstances  of  the  moment  may  determine.    They 
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yaiy  in  height,  fh>m  one  to  four  or  five  miles,  and  in  magnitude  from  the  thinnoBt  and 
smallest  visiblo  form  of  vapour  to  masses  nearly  a  thousand  yai-ds  in  thickness. 

The  other  clouds  arc  called  nimbusy  or  rain  clouds ;  and  though  occasionally-  fine  in 
their  commencement  they  rarely  long  retain  this  character,  but  pass  rapidly  into  mist, 
and  present  only  a  imifonn  monotonous  veil  of  vapour. 

The  effixrt  of  clouds  on  the  distribution  of  light  in  the  atmosphere,  and  conversely 
the  effect  of  light  on  clouds,  ore  matters  very  important  to  the  artist.  Clouds  often 
transmit  red  light,  the  other  rays  being  absorbed  by  the  vapour  contained ;  but  the  same 
masses  of  vapour  reflect  white  or  coloured  light,  according  to  various  circumstances  little 
understood.  The  larger  and  more  massive  clouds  reflect  light  from  all  parts  of  their 
surface,  and  thus  one  greatly  modifies  the  appearance  of  another  in  a  manner  constantly 
changing  with  the  relative  positions  of  the  cloud  and  the  sun. 

It  rarely  happens  that  clouds,  however  thick,  are  not  to  a  considerable  extent  trans- 
parent ;  but,  as  already  observed,  they  transmit  coloured  light,  and  being  of  different 
density  from  the  air  they  also  produce  a  certain  degree  of  refraction.  Their  edges  are 
'  thinner  than  their  centre,  and  often  in  a  different  state  for  acting  on  light.  They  often 
I  cover  only  a  i>ortion  of  the  visible  hemisphere,  and  generally  consist  of  several  very 
I   distinct  layers  affected  by  and  affecting  light  in  very  different  ways. 

The  eye  receives  the  idea  of  colour,  in  ordinary  cases,  only  when  a  ray  of  coloured 
li^t  enters  it.  But  another  mode  must  be  mentioned  as  scarcely  less  important,  con- 
nected with  the  faculty  of  memory,  by  means  of  which  the  absent  or  complementary 
colours  are  presented  to  the  mind,  when  by  any  cause  the  eye  has  become  fatigued  by 
any  strong  light,  whether  of  white,  positive  colours,  or  black.  Thus,  after  looking  at  a 
white  object  intensely,  the  eye,  if  removed,  or  even  while  continuing  to  regard  the 
same  object,  relieves  itself  by  substituting  a  black  image,  and  the  converse ;  if  the 
object  looked  at  were  red,  bluish  green  is  the  relief ;  if  orange,  blue ;  if  true  bright 
yellow,  a  deep  indigo ;  and  if  green,  a  reddish  violet ;  in  all  cases,  the  colours,  which, 
if  supplied,  would  make  up  white  light.  These  are  called  the  accidental  colours  belong- 
ing to  the  various  distinct  tints,  and  they  affect  our  ideas  in  nature  with  respect  to  the 
colours  of  natural  bodies,  and  also  modify  greatly  the  colours  attributed  to  clouds. 
Thus,  for  example,  the  eye  regarding  steadily  a  mass  of  cloud,  soon  becomes  fatigued; 
the  accidental  colour  is  then  seen ;  so  that  often  the  whole  impression  to  the  mind  is 
modified,  and  the  same  scene  presents  itself  differently  to  different  persons. 

The  actual  colours  of  clouds  then,  as  judged  by  the  eye,  and  referred  to  by  the 
artist,  depend  partly  on  the  nature  and  quantity  of  the  light  they  transmit,  partly  on 
the  lig^t  reflected  by  them,  partly  on  unequal  absorption  of  the  coloiired  pencils,  and 
partly  on  the  peculiar  constitution  of  the  eye  of  the  observer. 

Another  result  of  clouds,  and  of  lights  transmitted  or  reflected  by  them,  appears  in 
the  shadows  produced  in  connection  with  these  masses  of  vapour  in  the  air.  A  shadow 
may  arise  in  consequence  either  of  a  considerable  absorption  of  all  rays,  or  a  more  rapid 
and  complete  absorption  of  some  one  or  some  group.  In  this  latter  way  are  produced 
coloured  shadows ;  but  these  also  are  assisted  greatly  by  the  eye  and  its  imperfect 
action,  since  the  accidental  colour  presented  to  the  mind  is  often  mistaken  for  the  real 
tint.  Every  one,  looking  steadily  at  a  varied  landscape,  sees  partly  true  and  partly 
accidental  colours,  and  probably  no  two  persons  see  exactly  the  same. 

Aeiial  PenpectiTe.— It  remains  to  consider  the  causes  and  physical  principles 
of  one  or  two  matters  intimately  connected  with  the  phenomena  of  light  passing  through 
the  atmosphere.    Aerial  perspective,  chiar'  oscuro,  and  tone,  axe  amow^t  ^]ck&  d>i^i  <^^ 
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Hiese.  Eyerj  artist,  even  without  knowing  their  exact  meaning,  fiselfi  and  know^  that 
such  things  exist— that  he  must  realize  them,  and  act  upon  them  either  by  instinet  or 
education.  They  are  indeed  essential  to  the  representation  of  nature  and  the  apprecia- 
tion of  art. 

In  the  way  of  definition  we  may  describe  aerial  perspective  as  inydlTiiig  suoh  an 
expression  and  representation  of  space  as  to  give  the  idea  of  distance,  and  the  iepnation 
of  interfering  bodies  that  do  not  touch,  by  a  proper  treatment  of  the  gray  tints  in  the 
atmosphere.  Tone  is  the  relation  of  light  and  shade  in  reference  to  distenee,  and  is 
given  by  a  nice  treatment  of  its  illumination,  while  chiar*  oscuro  includes  only  tint 
general  arrangement  of  light  and  shade  which  is  required  to  give  a  proper  idea  of  leal 
objects.  It  is  not,  however,  for  us  to  dwell  here  on  the  working  out  of  the  gnat 
principles  involved  in  these  three  essentials  of  painting,  but  rather  to  reeammendto  fte 
artist  the  duo  consideration  of  their  meaning  in  reference  to  the  prinei]^  aboYe 
enunciated. 

FonuL  and  Stractuze  of  the  Eazth. — The  operations  of  the  artist  have  re&renee 
to  the  representation  of  nature  generally,  and  therefore  include  form  and  atruOtiirc,  as 
well  as  effects  of  light  and  shade,  contrasts  of  colour,  and  peculiarities  of  otmo^eric 
effect  already  noticed.  It  is  indeed  of  the  utmost  importance  that  the  landscape 
painter,  more  especially,  should  be  aware,  not  only  of  the  general  fiict  that  tihere  is  in 
nature  a  harmony  of  form  arising  from  and  connected  with  structure,  but  also  that  he 
should  understand  so  much  of  the  true  principles  of  structure  as  may  enable  him  to 
pursue  his  art  with  success,  and  represent  natiire  with  truth. 

The  earth  may  be  considered  as  having  the  general  outlines  of  its  form  derived  fiom 
the  great  mass  of  underlying  rocks,  which  we  may  therefore  regard  as  the  bony  frame- 
work or  skeleton.  Clothing  this  framework,  as  the  flesh  conceals  and  coven  the 
skeleton,  is  a  mass  of  matter,  originally  obtained  frt)m  the  degradation  and  wearing 
down  of  the  older  and  fundamental  rock  masses,  and  now  exhibited  generally  as  stratified 
and  detrital  material,  retaining  here  and  there  the  old  form,  and  not  unfrequenfiy 
penetrated  by  the  ruder  and  more  angular  projecting  angles,  but  stiU  dbaraeterised  Yff 
more  regularity  and  tameness.  The  external  surface  usually  shows  a  yet  farther 
softening,  corresponding  perhaps  with  the  skin,  as  the  stratified  masses  do  with  the 
muscle,  and,  when  draped  with  vegetation,  completing  the  development  of  fionn  in  the 
landscape. 

In  aU  cases,  however,  the  true  history  of  scenery  is  best  determined  by  reference  to 
the  soil  and  the  underlying  hard  rocks,  if  such  can  be  traced.  The  natural  forms  of  the 
resulting  mass  ought  also  to  be  compared  with  others  occurring  imder  known  circum- 
stances elsewhere.  The  causes  that  have  acted  to  produce  such  offdcts  have  been  already 
alluded  to  in  speaking  of  geology,  and  will  be  readily  understood,  including,  as  they  do, 
both  aqueous  and  igneous  forces  constantiy  at  work  in  various  ways. 

]ML£Eiezent  kinds  of  Scenezy.— We  may  now  proceed  to  consider  something  of 
the  different  kinds  of  scenery  presented  in  various  i^axts  of  the  world,  chiefly  with  a 
view  to  show  how  far  form  and  structure  are  associated,  and  also  how  fer,  in  some  cases, 
there  is  really  no  apparent  relation  whatever.  The  Cut,  page  143,  represents  a  waste  of 
loose  sand  covering  with  perfect  uniformity  all  irregularities  of  surface.  Sudh  a  con- 
dition has  probably  been  produced  by  a  slow  deposit]  under  water,  and  the  subsequent 
slow  upheaval  of  a  large  tract.  The  bed  of  a  Iske  or  sea  may  thus  become  transformed 
into  a  desert,  and  the  result  may  be  regarded  as  normal,  and  as  the  natural  consequence 
of  the  wearing  away  of  soft  rocks  by  water,  the  spreading  out  of  accumulated  sand  at 
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I^Q  sea  bottom,  and  tlic  fiub&i::qu(7nt  bIqw  and  ?orf  gmdmd  lifting  up  of  c:ttcn9ivc 
diitiioti. 
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The  codtaut  f iMtvraai  tili8;Md««eBio  6tlier  kinds  of  scenery,  in  which  the  lodk  is 
hard,  bratai,  mejnmafjilitmdf  aifi:gieatly  elevated,  is  often  very  striking  in  every 
raq^.  fWwinwii  iwtfcliiiiigs,  aiid'tOliQy  wittumt  character  or  form,  possessing  a  certain 
amount  tfnHWiaHtyflfer  its  extent,  Itet 'totally  nnpicturesque ;  Uic  other  may  consist 
also  of  ndked  and  ahwgltaock ;  tibtttUbo  points  and  jagged  ends  may  appear  as  if  they 
had  only  xeaeai^liktmtinni  nfiiiirttw,?wid  projected  into  the  upper  air. 

ThMff^nm/mr  mMn  iim»m\  ditached  rocks,  called  in  Switzerland  aiguilUs^  a£ford 
good  iUartrttion  6f  this  'litter  cOBltition,  and  arc  seen  to  great  perfection  in  the  central 
mass  Of  Alps  near  Mont  IBknc.  iBiat  represented  in  the  Cut,  page  144,  *'  the  Aiguille 
de  Dm,"  is  a  singular  and  highly  iUnstrative  granitic  mass.  The  aiguUlo  is  apparently 
isolated,  and  reaches  to  the  hei^tof  11,000  feet  above  the  sea,  the. upper  port  forming 
one  continuous  shaft  of  more  than  4000  feet,  gradually  tapering  to  a  point.  The  sides 
are  rounded,  and  the  whole  appears,  as  seen  from  a  distance,  to  be  composed  of  ver- 
tical plates  of  granite.  It  is  perfectly  inaccessible,  and,  next  to  the  glaciers,  is  the  most 
remarkable  object  in  the  valley  of  Chamouni.  The  view  represents  this  shaft,  with  the 
Aiguille  Vert  behind  it,  the  glacier  de  Bois  descending  into  the  valley,  a  continuation 
of  the  Mer  de  Glace,  and  the  Arveyron  flowing  at  the  bottom.  In  this  remarkable  and 
mngqlar  instance,  all  the  peculiar  eflbcts  attributable  to  sudden  disruption  and  excessive 
weathering  are  very  strongly  shown  as  affecting  a  hard  rock,  and  may  be  contrasted 
with  advantage  with  other  angular  and  broken  masses  exposed  to  the  action  of  the  sea 
and  air,  and  brought  to  their  present  condition  in  consequence  of  their  extreme 
softness. 

In  the  diagram  next  to  be  referred  to  (see  p.  145),  several  portions  of  the  ohalk,  a  soft 
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ro^k  of  fflfchanic^  oiigiii,  imr^  bcrea  worn  and  poitljr  d^ttro^ed  hj  the  actioQ  of  the  ee^ 


Hero,  aa  intho  other  caae^j  there  i 
iM^ither  Bail  nor  vegetati  on ;  tlio  rock   '{ ^^^)  *  ^U.^^q 
ii  ban?,  and  its  forms  nm  thoso  duo  to        ^^  i!||  1 
the  nature  of  tho  matcriid  ctnd  i  ho  ^ 

forces  acting  on  it-     Angiilar  and  jogged  furm^ 
are  not  V:m  ob^'.^rvahlc,  hgi^i-cvcr,  in  this  soft]] 
f  halk^  ttmn  in  tho  hard  granite,  although  tho]^ 
detail;^  OTQ  quito  distinct.     In  other  cases  the 
j^cuno  chalk,  instead  of  being  left  rough   and 

angular  J  in  consequcnDO  of  tho  constant  tinder  mining  action  of  the  waves,  and  the  rapiS 
destruction  of  the  fallen  moflscSi  becomoa  rounded  and  altered  by  atmospheric  influence- 
Thus  the  smooth  eoombi  of  Susacx  aud  DeYon^hirQ  ofo  not  lets  oharactm^tio  of  limc^ 
e^tono  than  the  mggod  peaks  of  tho  Alps. 

ThcfiC  illuatrationa  are  intended  to  show  contrasts  of  fomi^  withoiit  refeitmoe  to 
minepal  compoaitiou  or  pictureaqne  cffiw^t.      Such  yarieties  and  contrasts  ore  Tury 
f  ominon  in  natiire^  and  always  harmonize  and  agree  in  tone  with  the  rodca  to  wliich 
/  f&i^y  comospond ;  but  they  require  great  car©  in  the  artist  to  represent  them  without 
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iituKDf  and  a  ocrtain  lunouni  of  kna^lodgo  of  various  kitids  to  do  full  justice  to 


TJ[E   MEEDLS    aOCKS,  I»LK   dl"    WIGnT* 

dpoBlttom  «f  Ro^ks. — It  liai  ho&i  endeavoured  to  ^ow,  in  tho  procedlng 
liat  tlio  lojida^ape  pointer  should  know  eomcthin^,  not  mdeod  of  tbo  dctolLi  of 
or  cheijiktry,  tut  of  tho  liroad  gcnerolizationa  that  luivc  bceu  ottftincd  m  thost? 
r  and  of  tho  laws  that  govi^m  tho  internal  structuro  and  composition  of  mineral 
103,  So  it  m  &1bo  witli  regm-d  to  Ui3  composition  of  rocks*  Monj  of  tlicao 
pottionsj  showiug  aniniai  aad  vegetable  remains  in  groat  abundanoc.  The 
Dold  appreciate  tho  modca  by  whieli  rocks  arc  brought  into  tho  stato  in  which 
n  lepre^nt  thcmi  although  ho  need  not  undci^tand  pakeoutology,  or  bo  ablo  to 
izmedly  concerning  foeails^ 

wiwledgo  however,  of  minenilB,  their  nature,  modc^  of  eiistcneoj  ordinary  cora- 
a,  and  tho  modideations  th^y  m&j  undergo,  has  to  be  leomt*  The  import^int 
I  limplo  and  fow  in  number,  al  iu  a  general  fieoso  almost  the  whole  of  thole 
ibkf,  presented  for  observation  and  ^tudy  ovci'  a  lai:gc  part  of  the  earth,  conaiat  of 
ieal  admixtures  of  iand,  Hmeston^,  and  clay,  only  so  tar  modified  oa  to  hnvo  their 
0  hut  not  their  form  olterod.  Other  roeks,  such  m  granites,  slates,  and  thoec 
rom  i^coua  fuAioQ|  bcsidDs  those  of  volcomc  origin,  ako  produce  great  eficcts  in 
Thoy  form  tho  salient  points ;  and  around  or  upon  tikcm  tho  others  aro  heaped. 
a  exist  in  two  conditioTis,  either  biing  eimply  aggregated  masses,  moehanioolly 
or  else  similar  nmsaes  bo  far  olteved  as  to  have  lost  more  or  less  completely  tho 
ace  of  their  mechanical  origin.  The  rcsultj  in  a  pictureftque  vitjw^  la  n^ry 
U  Thus  wo  SCO  r^proacnted,  m  the  abo?o  cut  of  the  Xecdlcs,  tho  app^uiuncG  of 
atdy  soft  rock  (ehalk)^  recently  broken.  The  same  mineral,  when  much  harderj 
very  different  aconery  j  and,  instead  of  btung  worn  away  altogether  by  the  action 
%  it  resists  that  action,  and  forms  a  bold  prominent  headland.  In  the  study  of 
bcwever,  tho  effect  can  only  bo  imdcrBtood  when  the  cau3o  is  appreciated;  and 
Ls  not  a  nacro  question  of  wht^ther  sandstone,  Umestoue,  clay,  or  granite  is  present, 
rhat  atato  these  appear,  and  how  far  they  hare  undergone  metamorphic  aetion. 
artist  and  the  critic  in  art  mu&t  therefore  be  educated  tci  a  ec!ft\^m  c^'x^je^lV^^^ 
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principles  cf  Geologj.  He  must  know  how,  where,  and  when  rocks  of  a  oertamnEfeure 
change  in  f^^tearance,  and  become  cracked,  rugged,  rotten,  or  broken ;  how  &r  a  roekii 
cryBtalline,  and  owes  its  peculiarities  to  that  condition,  or  naturally  compact  and  hard, 
bat  not  changed  from  its  original  state.  GGnerally,  indeed,  position  marks  this,  but  not 
always ;  and  Ifcs  nniftnnity  in  oonpoatian  of  erystalline  matwial,  though  hi  from 
inyanUa^  is  y^  ft  dunslar  "wvtfSkf  of  notice. 

Am  m,  fttthir  ilfaulntiim  of  tlus  part  cf  the  sohfcct,  I  may*  refer  to  llie  great  difier- 
enem  flut  exist  batWtt  tfw  long^  J>R^  cxyBtBlline  aummUs  of  many  mootein 
chami  (si#.  Ifaa  Al^  ai  in  dia  riew  of  the  Kandal  Stei|^  page  129),  the  iteBf  od 
decided  Vat  pmhtAj  diatinet  slaty  (metamoacphic)  rodm  on  the  flank%.  tiia  mate 
regnbr  and  tilted  neclyniieal  neks  yet  fbrtiier  from  the  central  axis,  aaA  tta  dkivial 
Asia  of  die  adjacent  valleyB. 

Hm  ciystainine  rocks  form  httd,  rough  prominences  that  giva  tlia  uhftiautia  to  the 
trtflie  fliqr  are  the  rodm  least  easQy  destroyed,  the  most  TsriBd  and  lingular,  and 
those  most  fteqoently  occnpying  the  highest  places,  hecanse  fSbtf  sfpear  to  lata  been 
generally  forced  np  from  below. 

Aiwuigemcataf  Ba«fcai—2lbw  tiwtats,  la  sttasfti^  a  oettsm  degree  of  order  i^ 
nature  widi  respect  to  the  ammgement  of  Tocka  and  their  allocation,  and  also  as  to  the 
way  in  which  those  differently  metamorphosed  arc  associated.  All  the  limestones,  sand- 
stones, and  clays  were  originally,  no  doubt,  simple  mechanical  heaps  of  mud  deposited 
or  removed  and  arranged  by  water.     These  heaps  becociing  dry,  and  being  acted 

on  by  TariouB 
forces,  bdng 
first,  perhiqMy 
sunk  down  to 
a  great  depth, 
and  after- 
wards thnut 
up  by  vio- 
lence, are  now 
by  no  meaoi 
the  same  in 
appearance  as 
formerly;  they 
retain,  how* 
ever,  fre- 
quently their 
fob'ated  at 
stratified  cha- 
racter, Si 
shown  in  the 
annexed  diap 
gram  ;  and 
when  ex- 
amined on  a 

large  scale,  are  by  no  means  so  greatly  contorted  as  is  sometimes  imagined  by  those  who 
only  study  diagrams  and  a  few  striking  exceptions.  Such  exceptions  are  important,  and 
tiiaally  saffidenHy  pictaresqrie. 
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Whilst  the  stratified  mechanical  rocks  are  thus  usually  reg^ular,  and  often  horixontal 
or  incliTifld  at  a  small  angle,  and  occupy  largo  tracts  of  flat  or  undulating  land,  the 
other  series,  of  which  granite  is  a  well-known  example,  are  essentially  protruding 
rocks,  haying  heen  forced  through  the  rest,  disturbing  their  horizontal  stratification, 
squeezing  into  a  smaller  compass  some  portions,  tilting  others  on  end,  and  re-arranging 
them,  as  it  were,  in  a  new  order.  Thus,  in  a  general  way,  when  granites  or  crystaUine 
rocks  form  the  central  axis,  often  concealed,  but  frequently  approaching  and  toudiing  the 
sm&oe,  they  may  be  regarded  as  connected  with  the  primary  cause  of  moycmcnt.  The 
Knd-aystaUine  masses  adjacent  are  again  in  strict  relation  to  the  granites,  whether 
irregular,  as  gneiss  and  various  schists,  or  presenting  all  the  beautiful  regularity  of  blue 
and  green  roofing  slates.  Of  these,  whether  flanking  others,  or  existing  indcpendentiy 
at  the  sorfiu^,  the  peculiar  characteristics  cannot  be  mistaken. 

On  the  whole,  then,  the  study  of  geology,  as  adapted  to  the  artist,  ought  to  make 

him  understand,  not  only  that  there  is  an  important  diflcrenco  in  the  appearance  of 

I  objects  haying  a  different  origin,  but  that  the  history  of  subsequent  modifications  is 

I  hsa61j  less  important  than  an  account  of  their  origin.    It  is  not  only  the  material,  but 

I  what  has  been  done  with  it,  and  how  it  bchayed  under  certain  changes.    Position  also, 

and  the  direction  of  stratification  in  stratified  rocks,  is  equally  desirable  to  be  imdcr- 

stood ;  for  much  of  the  true  cficct  of  rock  scenery  depends  on  these  points,  and  the 

peculiar  features  of  landscape  in  our  own  country  may  be  cvery^'herc  traced  to  the 

same  cause.  , 

Position  of  ceztain  Rooks. — ^Tho  similarity  of  geological  conditions  over 

extensive  portions  of  England,  and  the  ready  contrasts  obtainable  at  small  distances,  are 

matters  in  themselves  of  considerable  interest.    Thus,  if  any  one  were  to  travel  ixom 

Cornwall  to  Northumberland,  ho  might,  along  the  whole  distance,  find,  cither  on  his 

way  or  at  no  great  distance,  crystalline  and  metamorphic  rocks  of  the  same  age,  and  in 

something  of  the  same  condition.   The  red  sandstones,  also,  of  Devonshire,  are  repeated 

in  the  midland  counties  and  in  Cheshire,  and  rc-appcar  in  Cumberland.  The  limestones 

of  Bristol  are  found  in  Derbyshire  and  Northumberland,  and  the  clays  of  the  Dorset- 

ahire  coast  differ  in  no  respect  from  thoso  of  Oxfordshire,  the  Isle  of  Ely,  and  Lineoln- 

ihirc. 

Wc  may  even  go  a  step  further,  and  walk  on  the  same  chalk  from  Beeehy  Head  to 
Salisbury  Plain,  and  thence  to  Shakspcre's  Cliff;  wc  may  follow  it  through  various 
counties  into  Cambridgeshire  and  Norfolk;  we  may  find  it  again  on  the  Yorkshiro 
coast,  and  can  then  trace  it  across  the  ocean  into  Denmark  on  the  north,  and  France 
towards  the  south.  In  all  these  cases  the  same  rock  is  followed  in  the  direction  of  its 
length  and  principal  development.  It  may  be  observed  in  chalk-pits  and  other  places, 
Trhere  the  rock  is  exposed,  that  the  lines  marking  the  separation  of  different  beds  as 
deposited,  arc  no  longer  horizontal,  as  they  must  have  been  originally,  but  show  a 
decided  inclination  in  some  direction  or  other.  The  general  direction  of  this  slope, 
where  the  chalk  ranges  north-east  and  south-west  along  the  surface,  will  be  found  to 
be  south-east ;  but  where  the  direction  of  the  rock  is  east  and  west,  the  inclination  is 
sometimes  luxrth,  and  sometimes  south.  This  remark  extends  to  the  harder  limestones 
occurring  parallel  to  the  chalk  at  some  distance  to  the  west,  and  also  to  the  intervening 
days  mad  sands. 

Koiintain  G]iaiiia«-^The  order  of  displacement,  and  the  general  system  of' 
elevation  thus  exhibited,  lead  us  to  a  knowledge  of  some  interesting  facts  concerning 
the  mode  in  which  mountains,  hills,  and  valleys  naturally  oocui.    nAma^  iot  «usb£^^^ 
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mountain  chains  may  bo  considered  to  have  reference  invariably  to  systems  of  eleva- 
tion, and  this,  whether  the  chains  are  lofty,  as  in  the  case  of  the  Alps,  Andes,  Himalayas; 
or  comparatively  low,  as  in  the  British  islands.  In  each  case  there  is  the  peculiar 
character  of  mountain  scenery,  derived  either  from  structure  or  elevation. 

Bills.— Hills,  on  the  other  hand,  are  by  no  means  always,  though  they  arc 
occasionally,  structural  phenomena ;  and  thus,  while  mountain  chains  may  be  said  in 
all  cases  to  tell  their  own  talc  distinctly  and  at  once,  hills  require  especial  study,  and  a 
reference  to  their  origin,  whether  really  owing  to  greater  hardness  than  the  surrounding 
material,  or  pushed  up  through  that  material,  or  simply  elevated  with  the  rest,  and 
forming  one  of  a  scries  which,  together,  make  up  a  ridge  or  rolling,  broken  ground.  >* 
Plains.— While  the  characteristic  scenery  of  mountains  and  hills  is  generally  due 
to  what  is  called  fundamental  structure,  consisting  of  some  crystalline  or  altefred  lock 
thrust  up  from  beneath,  plains,  on  the  other  hand,  are  almost  always  formed  by  super- 
imposed  rocks  deposited  horizontally  from  water,  and  little  tilted,  though  fireqaenjQy 
elevated.  Such  plains  exist,  on  a  sufficiently  large  scale,  in  aU  parts  of  the  WodA; 
sometimes  almost  level,  but  frequently  undulating,  or  presenting  broken  surftibes  of 
Tuodcrato  extent  but  irregular  form.  They  are  sometimes  nearly  at  the  saqLO'lAvdw 
the  sea — sometimes,  as  in  South  America,  in  steps  or  terraces  rising  gradusUy.  tawitdA 
the  interior;  and  occasionally  they  form  vast  sweeps  of  table-land,  several  Inmdzedi^  or 
oven  thousands,  of  feet  above  the  sea, 

Vhysiognomy  of  landscape  Scenezy.— It  results  from  this  mechanical 
condition  and  physical  origin,  that  there  is  a  vast  difference,  perfcctiy  appreciable  by 
the  trnvollor,  and  not  less  so  by  the  artist,  in  the  different  kinds  of  scenery  presented  in 
ilifferont  countries.  Plains,  strange  as  it  may  seem,  are  as  different  in  the  impression  they 
priHluoc  upon  tlie  mind,  through  the  eye,  as  is  the  nature  of  the  vegetation  which  covers 
them,  or  the  climate  under  which  they  are  seen.  Moimtains  also  have  a  peciiliar  physiog- 
nomy, dependent  likewise  on  their  origin.  These  latter  are,  as  has  been  already  re- 
marked, indications  of  the  skeleton  subsequcntiy  clothed  with  aqueous  deposits  often 
masking  the  original  form,  softening  the  rough  fr^one,  and  serving  as  a  groundwoik 
tv>r  the  lighter  drapery  of  vegetation. 

The  mountain^  as  the  salient  points  gives  the  outline  which  the  artist  must  first 

xsoixo.    The  iH>culiar  characteristic  of  this  form,  whatever  it  may  be,  whether  angular 

and  sermtciU  or  i»undcd, — ^whether  deeply  intersected  and  jagged,  or  smooth  and  mono- 

{    tvAnv>u$«~the  artist  must  carvfolly  study.     From  this«  as  a  starting  point,  he  must  watch 

I    the  gradual  changes  that  take  pUc«  in  passing  to  the  vaUejs,  the  subordinate  hills, 

t    and  the  spx^Mvlin^^  plains  at  their  base.    The  annexed  Cut  (see  page  149},  showing  tiie 

!    smvftt  plains  of  I^uguedoe^  with  a  dist:ant  view  of  the  Pyrcnces^  with  some  of  the 

Hankin^t  rid^e^s  and  die  Ww  hills  that  intcrreno,  is  a  gv»l  Htustnition  of  this  positioni 

'    and  one  e«silr  ap{«i««iat)cd»  especially  by  thos^c-  who  have  visited  similar  scenery.  For 

the  tsost  pait^  the  plains  extmding  acjraes  die  socEth  of  France  in  the  valley  of  the 

Giiviadc^  M>c  «UMly  andJextmaelT  level,  eovetcd  only  oxvasioBaUy,  and  near  the  coast, 

with  any  rich  xiNpctatioa.     Tow^urds  the  Medit^ftruwan  ^ks^  is  a  vast  expanse  of 

,    ^[MkstttTV'  lonl.  and  a  ^vul  deal  that  »  anble,    Oa  those  past^ms  n-jdiing  intenvqpts 

;    the  view  fx>r  twt  ataar  aiik«.  till  in  the  ^  distant  VvixvYi  d:**  crar  wall  of  the  'Pyre- 

r^y«  risfts  aaKvu^  t>.x'>  K:ist  and  <ivXid.  and  poHvcrs  a  liiite  so  iitsle  bn^en  by  deep 

wqpftk  that  v>tte  may  oftim  d^Mibi.  with  swaae  nasooL  wb^bfr  ti^  darker  tint  is  dee  to 

/n  4«Mhru^  |4(»MK<!tta  v>£^kttknil.  sad  «satrssdaf  t^ns  wi:!:  ^>e  saftandnfatii^ 
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scenery  of  our  woodlands,  or  tlio  told  but  Email  proportions  of  English  landscape, 
nme  idea  ia  obUuned  of  tbe  achul  motiniog  of  tlie  ptifmogiiomical  cimtttctcr  of  a 
diitnct. 


Tbh  is  the  nioro  mailuKl  when  there  is  nothing  essentially  different  to  uttrai^  th^ 
eypi  and  i^mind  it  of  the  new  object,  although  the  general  featnrea  are  on  a  different 
icale,  I  have  been  muc:h  atmizk  ^th  this  when  standing:  on  one  of  the  highex  points 
OD  the  eastern  sida  of  the  JHeghauiea— l^rat  looking'  on  one  side  ftoioes  the  sea  of  moun- 
tdos  thero  visiblej  and  very  imperfoctly  ropreaonted  in  the  annexed  Cut  (see  page  150)^ 
tod  then.  <m  the  other  to  the  vast  platna  of  eastern  Tirginia,  extending  at  my  feet,  and 
fcscbing  to  the  Atlantic,  ¥rith  notiiing  more  than  ellght  and  insignificant  hUls,  The 
Bye,  it  la  true,  can  only  talcc  in  a  part,  and  often  an  eictremely  small  part,  of  the  wide 
iitansloa  that  the  mind  eoMprehonda ;  but  no  one  ean  tIbw  a  ad  admire  any  Hnd  of 
•eenery  without  the  eiercise  of  the  iateUoct  producing  its  effect,  and  guiding  the  mind 
ta  the  impression  obtained. 

In  this  taac  the  impression  was  oascntially  that  of  voatness  and  wide  cstonsion, 
(prcn  when  compared  with  <?qiially  bcautifUl  scenery  ;  and  it  is  worth  alluding  to  thia, 
IS  helping  to  cjcplain  the  cauiae  of  tbat  idea  of  great  magnitude  wbieh  has  often  heen 
ipokfEU  of  hy  European  traYellors  on  first  Tusiting  the  New  World.  Sentiments  of  the 
Ome  kiodl,  thongh  Itssa  impressive,  are  felt  on  seeing  the  magnificent  Tiewa  from  the 
Jttra,  across  parts  of  France  and  Switzerland,  or  those  of  the  great  plains  of  Germany, 
hoim  iha  Hartz  mountains. 

To  tho  artist  and  lover  of  art,  eonsideratioiiB  of  thia  kind  arc  vory  importimt.  If 
ho  catch  theao  physiognomical  relations,  he  may  represent  the  scenery  bs  \\.  t^ssAa^  ^ctii^ 
w  it  may  bo  reccg^ed;  but  if  h^  uoglact  this  »tudy--i£  ^  be  ig^iaiA  q1  ^^  ll^^-  \ 
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dplM,  ted  M^tfe  £ul  to  eakb  th&t  i4«s  of  tiie  harmanj  of  dyferent  parte  whkh  u 
mnutifl]  to  tbo  troe  represeKtation  of  nature, — lie  will  not  succoed  in  producing  a  picti^ 
which  will  giYO  p^rtoEncnt  sutisfacticm  to  tmj  ons  whoBO  taato  Is  eiiltlvfited  by  the  ftctoil 
itudy  of  natUfo  hfiT^alf.  It  ia  right,  h^wcyer,  to  sdd,  that  an  artist  may  obtain  the 
roi|iiir(]d  result  without  exactly  knowing  the  fuooes^ve  stages  through  wbii^h  hia  id^at 
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h*w  botfit  WMivejed  to  him ;  iddicmfli  it  can  luidlT  be  iseeesmaj  tft  »y  tbit  tlieknoW' 
IdtftC'  ftf  c«uf c«  ^TDiild  be  u&HVd  tTi  t^f^  Hghe^  degveev  and  would  often  lead  him  to 
ft)mpo«ition{t  of  len^^tcr  fkv'dom  and  accuracy  than  he  wouM  otherwific  dare  to  tBotuK 

AltviMitttt  ttf  XoclGi*-^lSv'mr  Mnrnliy  cshilnts  indkaj^oiis^  ^lon^  in  Terj  ^ 
tetem  wajis  of  ohanf^c  prodtirod  <m  flie  «mfaec  after  1^  oripihal  d«pofiite  had  beea 
<HVmii^^>tK>l.  Som^  of  dicve  biTC  hctn  «dbc4od  by  rtgoiffcaig  aedon,  z{ic«ad  aw 
p(^^  i.%f  almort  ind4!>Jlaite  extent.  Bbr^<«t'.  c^pnJaUy  in  iserth  tetnpaate  efiaiiM^ 
Ih-fi  changsw  h*xt?  hwn  rapid,  fri^iic^nt,  irw^lar,  wid  txtt  r^aisidayUe, 

Oiva4Licii9na%^  alM\  ttify  btw  beif>n  ttwriy  low  nwiMdmWr  bat'iBe  dnetoTc^rf 
diffsrmi  4^a>1?k(«— (mm^*  dit^f  d^ty  a^tM^na^  latd  dlicr?  atnunfiberic^ 

tt  luM  ahv«^  V«m  «AMvwn,  ti«atin|r  <«  ^  mb^  «f  Hmmftm  Ott^ogj,  tint 
altfro^t  all  ntf^c^tani^^Hy-^VvniH^d  tocIbs  wtme  ^t^cmt^  b^tboadi  ^  wa.  ^  d»  aet 
of  >win|f  Kftpd  mj^  ftborf  f3v  *wi-1*^t>1^  twrwte  ^cir  |B«cnt  paradon,  tkej^  laiv 
>w«i  itifli^  M-  l«ipt  wan^  wMr  tinftpr  1^**  irtfcwtw*  rf  th**  tSM  warf ;  aad  is 
bAx«pt^«  th*t  t'hf  ^-arionii  Idtid  of  ivvk*  h*^Th  Kvm  vmy  di&amslT 
A  sot  Ki^  baring  a  r^ntain  aniom«t  i«f  lvai«4<ly.  a»d  &£  fMCty  mifcon  tmlDnp  hai 
Wn  iieM(i««d  <^at  Itaio  «w«K|)it  tnd  wnmM  finrtecM.  %«ll  ®Mk«tetfe^llw 
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fhe  unds  and  undy  mirls  common  on  many  coasts  and  over  wide  tracts  of  country, 
prssantB  a  form  altogether  distinct ;  while  hard  sands,  or  hard  compact  rooks  of  othsr 
kinds,  are  also  quite  peculiar  in  their  appoaronces.  The  singular  scenery,  in  theyalleya  of 
some  of  the  great  American  riyors  running  through  vast  plains,  forms  a  good  illustra- 
tion of  this  pecidiarity  of  character,  and  assists  yet  further  to  explain  the  striking 
diiSbrencc  which  exists  between  America  and  European  scenery,  although  the  rocks  really 
differ  very  little  in  any  essential  points.  So  again,  in  the  inti  rlor  of  tho  country  in 
Algeria,  I  have  seen  Tory  peculiar  scenery  in  a  district  whiTC  tho  rocks  are  of  the 
age  of  our  Gault,  as  derelopcd  near  Folkstone  or  in  Cambridgeshire ;  but  the  rock,  not 
in  itself  Tery  dissimilar,  has  been  so  greatly  modified  by  tho  circumstances  of  deyation,  as 
to  have  loat  entirely  its  characteristic  appearance,  and  to  present  an  entirely  now  type. 

As  witer  never  passes  orer  land  without  producing  some  cfEect,  either  depositing  or 
lemoring  euth,  or  doing  both  at  the  same  time,  and  as  there  arc  few  parts  of  the  world 
in  whiflil  wvter  does  not  occasionally  make  its  way  oyer  tlie  surfiice,  so  we  must  always 
look  for  MBh  reraltii  and  even  search  for  them  if  they  are  not  manifest  There  ore, 
my  portions  where  we  should  naturally  look  for  greater  results  than  olsc- 
tiien  depend  partly  on  cUmatc,  and  partly  on  geographical  position. 

In,  ■dWtirm  to  the  regular  action  of  wator  on  ordinary  material,  wo  occasionally  sec 
lUfji'  liw nlttioTis  of  water-worn  rooks,  forming  hills  or  irregular  low  hillocks. 
Ihlillfilt known  in  KngUnd  under  the  name  of  grayd;  bat  larger  and  more  distinct 
heqpi  ne  oaOed  in  IreUad  esssr^  and  similar  heaps  form  hills  of  oonaiderable  mag- 
flitodein  Sweden  and  Dewnaik.  Under  these  circumstanooa  they  tie  dMafit  llwtures, 
md  mnit  be  regarded  aeeordin^. 

iMpwrfnw  of  MvAylBg  MnwtVM.-Thus,  then,  it  is  evident  that  the 
g^gsntio  Ikwoewodr  of  rookii,  which  forms  tho  skeleton  of  the  earth,  has  a  real  and 
perceptiUe  jiiflneiMWi  (tt  its  general  outline,  and  even  on  the  details  presented  to 
the  carefhl  obieryer  of  nctwe.  And  i^  in  order  to  draw  eorreotly  the  human  figure, 
it  is  desirable  to  be  aoquainted  with  the  anatomy  of  tlio  human  frame,  and  study  tho 
hidden  cause  of  those  numerous  prominences  and  projections  which  give  character  and 
expression  when  clothed  with  flesh,  it  is  no  less  necessary  that  tho  landscape-painter 
should  study  the  nature  and  conditions  of  rocks,  their  usual  forms,  i>OBsible  modifica- 
tions, and  the  way  in  which  they  are  likely  to  bo  coyerod  up,  masked,  or  modified  by 
atmospheric  and  aqueous  action.  It  has  been  well  said,  by  the  author  of  ^'  Modem  Pain- 
tara," — '*  The  laws  of  the  organisation  of  the  earth  are  distinct  and  fixed  as  those  of 
ikd  animal  firame,'-simplor  and  broader,  but  equally  authoritatiyo  and  inyiolable.  Their 
molts  may  be  aniyed  at  without  knowledge  o£  the  interior  mechanism ;  but,  for  that 
Toy  reason,  ignorance  of  them  ia  the  more  diagracoful,  and  violation  of  them  more 
mpardonable.  They  are  in  landscape  the  foimdation  of  all  other  truths— the  most 
necessary  therefore,  even  if  they  were  not  in  themselves  attractive ;  but  they  are  as 
beaatifol  as  they  are  essential;  and  every  abandonment  of  them  by  the  artist  must  end 
in  deformity,  as  it  begins  in  falsehood."  * 

OuuMitBUtloB  of  Zdmootone  Soonoiy.— Let  us  now  pass  on  to  the  consider- 
ition  of  scenery  deriving  its  peculiar  features  from  the  presence  of  particular  Idnda 
of  rook ;  and  as  limestones,  sandstones,  and  clay,  more  or  less  altered,  and  alternating 
with  each  other,  form  the  chief  varieties  of  stratified  material,  these  three  subdiviaions, 
with  a  fourth  on  granites,  and  other  distinctly  crystalline  masses,  and  a  fifth  on  to1<« 
osnic  zocksi  will  include  all  that  require  separate  conideration. 
•  **  Modem  Painters,'*  toI.  L,  p.  MO. 
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In  i.frdcr  to  undfiiiBfend  the  3iatim>  find  cause  of  tiie  pocnliar  features  of  timestcmc^ 
st'jentry,  it  is  nccensary  that  the  reader  skould  consider  the  varioiis  w«ys  in  whict  cal- 
cErecrtis  Toclc  is  prefloited  in  nature  in  lorg^  tnosse^    TMft  ia  the  more  essential^  as  we 


]JJ£ESTO?{E  MOUNTAIKA  OST  TITR  CCTAEl'   OF   ABCADIA. 

somotimoa  find  it  hard  and  ciystoBinej  perfectly  pompact,  but  full  of  cracks  and  orevioci; 
■while  plfipwhei-tj  tlie  smno  jrtineral  ia  tMnly  bedded,  britUe,  and  almost  lamiDatcd. 
Occasionally  wo  find  it  in  "bold  eacarpments,  forming  the  nmneroufl  ecftrs  nf  Torkahire 
(Gordalo  Scar  and  Malhtun  Cove  being  admirable  (examples)  ^  the  erags  of  North  Wilei 
nnd  Derby ahircj  and  the  bold  vcitical  djff  ao  common  wherever  eimilar  limcstona,  or 
limcttonea  in  aimilar  conditioni,  are  developed  near  the  anrface.  Again  we  torn  to  the 
chalk  of  tho  South  of  Englantl,  and  find  limestone  equally  ptiro  gcooped  out  into  hol- 
lows hy  the  action  of  wntor;,.  and  so  soft  that,  cxcopt  when  preserved  hy  vegetation,  it 
i*  not  only  worn  away  into  ehTcds  hy  the  action  of  the  waves  of  tho  sea,  bnt  swept 
smooth  by  the  rains  of  summer,  and  rendered  rotten  by  the  frosts  of  winter. 

limestone  rocks  often  form  tnoiiutain  ranges,  and  conatituto  the  essential  features 
of  the  sccncryi,  hcing  elevated  to  tbo  central  and  most  ele^'ated  peaks ;  but  they  ait? 
more  uaually  subordinate,  and  appear  only  flanking  the  igneous  rocks*  There  are  two 
ways,  however,  m  which  they  may  still  retain  the  appearance  and  character  of  the  roam 
chain,  since  they  mny  farm  cscariiments  &oin^  each  other,  hut  at  some  distance  apait, 
either  when  the  interval  is  occupied  entirely  with  rocks  of  much  lower  ^evation,:  or 
if'Afji  there  is,  between  the  escarpmctita,  a  eontinuoiis  and  lofty  granitie  or  olher 
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crystallino  axis.  Tho  former  is  uBuolly  tho  cobo  where  the  clovation  has  been  mode- 
rate and  slow,  and  tho  denuding  action  considerable.  Tho  latter  is  tho  case  in  tho 
Alps,  and  elsewhere,  when  tho  dcvation  has  boon  more  abrupt  and  comparatively  rapid, 
and  is  connected  with  a  principal  mountain  chain. 

Kaxdii«flS«— It  is  by  no  means  neoessary  that  calcareous  rock  should  be  hard, 

to  bring  about  either  of  tiie  ^>pearances  above  referred  to ;  nor  indeed,  if  now  hard,  is 

'  it  at  all  to  be  assumed  that  the  modifications  of  form  to  which  it  has  been  subjected 

I  were  produced  whilst  in  this  state.    Almost  the  softest  condition,  not  merely  of  limc- 

I  stone  but  of  any  rock  except  blown  sand,  is  that  of  common  chalk,  as  developed  in 

j  many  parts  of  England ;  and  the  rounded  lines,  swelling  surfaces,  hollowed  or  rather 

I  scooped  oat  coombs,  and  step-like  terraces,  so  characteristic  of  it,  are  too  weU  known 

to  need  more  than  a  reference.    These,  however,  are  not  confined  to  our  soft  chalk. 

They  are  equally  characteristic  of  tho  much  harder  chalk  of  the  valley  of  the  Seine, 

iod  htre  QYBn  been  observed  in  tho  hard  limestones  of  the  Caucasus,  belonging  to  the 

siaie  geological  period.    In  this  case  the  subsequent  induration  of  tho  rock  has  not 

bean  aocoiyipanied  or  preceded  by  any  destructive  agency  aficcting  its  picturesque 

^eaianee^  which  remains  the  same  as  in  its  original  soft  condition. 

The  oolcnir  of  limestone  rocks  requires  study  no  less  than  the  form,  and  indeed  often 

betFB  a  diatinct  relation  to  hardness  and  condition,  as  being  a£fected  by  lichens  and  other 

diy  yegetable  matters  on  tho  surface.    Tho  actual  colour  of  the  rock  varies  fix)m  the 

most  brilliant,  white,  through  all  tints  of  gray  to  blue,  being  not  imfrcqucntly  reddened 

or  streaky  from  the  presence  of  iron,  and  occasionally  passing  into  brown,  dork  brown, 

and  the  .deepest  b^ack,  owing  to  the  carbon  or  iron  therein  contained.     The  peculiarly 

rich  and  vaiied  tints  of  marbles  and  crystalline  limestones  are  rarely  sufficiently  seen, 

in  the  unpolished  rock,  to  influence  scenery ;  but  there  are  many  effects  in  limestone 

districts  altogether  peculiar,  and  not  imconnocted  with  the  positive  coloiu:  of  the.  rock. 

Hardness,  frequently  modifying  form  and  colour,  and  greatly  aficcting  the  condition 

^  in  which  limestoiVB  occurs,  is  indexvendcnt  of  geological  age,  and  needs  the  special  con- 

j  sideration  of  the  artist  in  each  district  in  which  the  rock,  in  question  prevails.     Much 

'  depends  on  the  nature  and  extent  of  weathering,  something  on  the  associated  scenery, 

I  and  not  a  littb  on  the  clearness  or  cloudiness  of  the  atmosphere,  in  inducing  the  pic- 

I  turesque  effects  which  form  the  artist's  study.     In  all  these,  the  element  of  hardness  is 

extremely  important. 

Composition.— Limestones  include  carbonates  'of  magnesia  and  lime,  as  well  as 
pQie  carbonates  of  lime ;  and  in  some  countries  even  carbonate  of  iron  enters  largely 
into  tho  composition  of  calcareous  rocks  over  extensive  districts.  In  England,  the 
dolomites,  as  the  magnesian  varieties  are  called,  usually  put  on  a  yellow  tint,  and  not 
nnfrequently,  as  on  tho  coast  of  Durham,  exhibit  remarkable  forms,  owing  to  the 
unequal  and  imperfect  admixture  of  the  minerals.  In  Derbyshire  and  Yorkshire  they 
are  more  crystalline,  and  partake  of  the  appearance  of  the  semi-crystallino  limestones; 
vbile  in  other  districts  they  are  easily  recognised,  owing  to  the  irregular  decomposition 
to  which  they  are  often  subjected. 

CaAonifezous  Xiimestone.— The*  carboniferous  limestones,  extremely  charac- 
teristic of  an  important  geological  period,  were  formerly  denominated,  and  are  often 
rtill  called,  "  mountain  limestone,"  owing  to  their  great  development  in  the  elevated  dis- 
tricts of  the  West  and  North  Ridings  of  Yorkshire,  Durham,  and  Northumberland,  the 
north  of  Derbyshire,  and  large  parts  of  Lancashire.  They  are  also  seen  in  South 
!  Wales,  near  the  Severn  Valley,  and  in  some  parts  of  North 'Wolea*,  oiAVllaK^  ^iwssr^^  «xv 
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important  part  of  the  surface  of  Ireland.  The  delineaticHi  of  this  rock  has  been  fie- 
quently  and  successfully  attempted ;  but  it  seems  difficult  to  avoid  a  certain  amount  of 
mannerism.  The  chief  water&Us  of  Yorkshire  and  Durham  (extremely  picturesque 
if  not  sufficiently  large  to  be  grand),  the  singular  Tertioal  cliffii  called  ieor$,  and  the  wild 
precipitous  and  rugged  masses  often  presented,  are  good  illustrations  of  mountain  lime- 
stone scenery ;  while  Malham  Ooye,  the  cliff  of  Dinas  Bran  near  Uangolkn,  the 
Derwent  Valley  near  Matlock,  the  Ohedder  cli£EB,  and  the  banks  of  the  Seyem  near 
Clifton,  are  equally  characteristic  and  picturesque. 

The  High  Peak  of  Derbyshire,  and  the  narrow  cleft-like  valleys  proeeedin^  from  it 
towards  the  south,  afford  a  good  example  of  the  usual  effects  observable  in  hard 
limestone  rocks  in  this  climate.  '*  Throughout  the  whole,  the  same  general  diaraeter 
prevails.  A  thin  mossy  verdure,  often  intermingled  with  gray  barren  rock,  adomfl  the 
sides  of  the  hills  and  the  clif&  of  the  valleys,  and  occasionally  the  indestruetible  Hme- 
stone  rubble  disfigures  the  steep  acclivities,  although  even  then  a  little  bmahwood 
occasionally  enlivens  and  diversiJQles  the  otherwise  sterile  scene.  The  larger  TaOeyi 
possess,  in  an  eminent  degree,  that  variety  of  object,  form,  and  colour  whidi  is  cwcfltifil 
to  picturesque  beauty,  sometimes  united  with  a  magnitude  of  parts  where  gnmdedr  and 
sublimity  preside  in  solitary  stillness. 

''Travellers  accustomed  to  well  wooded  and  highly  cultivated  scenes  only,  liaTe  fk«- 
quently  expressed  a  feeling  bordering  on  disgust  at  the  bleak  and  barren  appearanee  of 
the  mountains  in  the  Peak  of  Derbyshire ;  but  to  the  man  whose  taste  is  miaopliisti- 
cated  by  a  fondness  for  artificial  adornments,  they  possess  superior  interest,  and  impart 
more  ^easing  sensations.  Remotely  seen,  they  are  often  beantifoL  Many  of  liiflir 
forms,  even  when  near,  are  decidedly  good;  and  in  distance  the  featores  of  mdenesB,  by 
which  they  are  occasionally  marked,  are  softened  down  into  general  and  luunnonioiu 
masses.  The  graceful  and  long-continued  outline  which  they  present,  the  bfeadtii  ef 
light  and  shadow  that  spreads  over  their  extended  sur&ces,  and  the  deli^^itfU  tuAom- 
ing  with  which  they  are  sometimes  invested,  never  ful  to  attract  the  attention  of  the 
picturesque  traveller.  ....  Such  are  the  appearances  that  often  occur  amongBt 
the  mountains  of  Derbyshire.  Descending  into  the  dales,  especiaBy  those  throuj^ 
which  the  Derwent,  the  Dove,  and  the  Wye  meander,  the  eye  is  enchanted  with  bril- 
liant streams,  well  cultivated  meadows,  luxuriant  foliage,  steep  heathy  hflls  and  craggy 
rocks,  which  administer  to  the  delight  of  the  traveller,  and  altematdy  soothe  or  elevate 
bis  mind  as  he  moves  along. 

^  The  iHoadest  and  the  deepest  vaUeys  are  in  tiie  highest  parts  of  the  Peak.  The 
picturesque  beauty  of  the  valleys  is  increased  by  the  fteqnenUy  precipitooa  diancter  of 
the  hills  or  locks  which  bound  thesa.  The  frees  of  diese  rocks  rise  ixp  almost  perpcD- 
diculaiiy  from  the  sides  of  the  vaUeys,  as  may  be  observed  near  Gastleton,  in  tlie  centre 
of  die  Peak,  and  near  Stmey  Mlddleton,  in  the  valky  of  ^e  Derwent,  when  the  Castle 
Bode  rises  to  a  vast  height,  and  obtains  its  name  from  tiie  niwgnUr  and  tnnct-like  torn. 
wfaidi  its  craggy  projectians  and  pcnnts  assome.  Matloek  High  Tor,  and  oOier  roda 
hi  Matloek  Dale,  and  the  rocks  which  skirt  some  parts  of  the  valley  of  t^  Dore^  are  of 
this  preci^tOQS  charaeter.  In  the  smaller  and  nanower  daks  the  projeetiflns  of  one 
aids  have  conrespondiag  reoesKS  on  die  odicr.**  * 

The  annexed  Cut  will  give  some  idea  of  the  natare  and  even  of  die  beauty  of  tius 
scenery.  Hie  valley  is  indosed  by  hi|^  rocks;  bat  here  it  opens  oat  as  if  by  some  eon- 
Tnkion.    In  diis  dak  die  hi^  eminences  that  fbnn  die  lateral  walk  aie  often  broken 
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b^  prqjectitlg  TtK^  utuming  tlie  moat  fontaftic  almpea — nimiGrotu  sharp  pumftolot  ind 
bold  HnSt  an  seen  oil  dihor  iido — whUe  the  stream  that  flows  at  the  Lose  often  daahet 
tmsr  ft  bed  of  limettouo  pebbles  Mien  from  aboye,  and  murmurs  plciuiuntly  along. 


relieving  the  gloom  of  the  naked  I'oekSr  and 
nt  the  shma  timt!  tcmdmg  to  undirmmo  t^KHiL, 
and  reproduce  the  nngiilnr  and  broken  appeiir- 
ancG  that  would  otherwise  »oon  bo  worn  smooth. 
At  the  same  timo  the  wild  flower?,  commoa  to 
hard  limcatone  rocks,  aiid  the  eopacs  of  mountain 
0^  and  other  treca  growing  in  eimilar  podtions, 
all  combtue  to  form  a  charming  and  bcautifiil 
ImdMapc,  not  leaa  worthy  of  rcmiuk  in  illustration  of  Eogliflh  scenery,  than  bm  al^raMliiig 
I  good  instaneo  of  the  petmliarities  of  limestone  roclt, 

Beddca  these  remarkable  and  higblj  picturesque  limestones  of  Derbyshire,  there  are 
others  eqnallj  picturesque,  and  of  a  somewhat  diflTercnt  eham^^tor,  in  the  Mendip  Hills, 
la  Somersetahire.  Tho  Cheddar  cli^  aiford  Instances  of  the  boldest  features  of  thi$ 
kind  of  seeneiy,  and  of  the  most  picturesquo  combinations  of  wood  with  node  NumC'* 
nms  nhftMTifl  appear,  often  nearly  Tertieal  and  extending  throughout  whole  monatoins, 
aooompanied  by  aome  marked  pcculiajitiea  deriyed  from  loeol  conditions.  The  bods 
here  are  very  distinjct,  and  they  are  cosily  seen  to  hayc  been  lifted  up  much  mora  on 
«aa  aide  than  on  the  other  of  th^o  rast  rents.  It  has  been  already  obaerycd,  thot  tht? 
YsUey  of  th^  Meuac,  near  Namnr,  la  another  well  marked  examplD  of  similar  eonditions 
m  locks  of  the  same  age,  produdng  similar  results. 

Ir^'Iand  affords  abundant  examples  of  carboniferous  limestone,  hut  rarely  on  so  grand 
and  picturesque  a  scale  as  in  Eirgland.  Here,  howeTer,  also,  there  aro  not  wanting 
proofe  of  its  tendency  to  the  picturesque.  Elsewhere  m.  Europe  there  are  few  instances 
of  its  development,  most  of  the  limestones  being  of  younger  date. 

OolitlQ  Li]iiestoii«i — From  the  earbonifcrotis  limestone  and  dolomite,  we  pass 
<ni,  In  order  of  geological  armngem<mt^  to  the  morlstoDes  of  CbeltenhEun,  and  the  oolitic    v 
rerietj  as  developed  first  in  the  neighbouriiood  of  Bath,  andlJuiu  m  v\&  ^i.\jena\Rret  esaX-  \ 


156  OOLITES  AND  CRETACEOUS  LIMESTONES* 


wards,  northwards,  and  southwards,  throughout  our  isLmd.  The  same  rocks  arc  tsr  more 
extensively  shown  in  the  Alps  and  Jura  mountains,  in  the  south  of  France,  in  the  north 
of  Bavaria,  and  in  numerous  other  parts  of  Central  Europe.  These  countries  include 
a  great  variety  of  scenery  in  which  limestone  is  the  essential  element;  and  much  of 
this  scenery  is  of  a  character  eminently  picturesque. 

The  oolites,  a  group  of  limestone  rocks  running  through  England,  from  the  coast 
of  Dorsetshire  to  Scarborough  in  Yorkshire,  are  not  less  remarkable  than  the  carboni- 
ferous limestones  for  a  peculiar  class  of  scenery,  and  equally  deserve  attention.  The 
prevailing  features  arc,  however,  much  softer,  the  hills  lower,  and  less  abrupt— the 
valleys,  if  steep,  less  lofty,  and  the  vegetable  covering  of  a  richer  and  more  vivid  green, 
and  larger  growth.  The  colour  of  the  carboniferous  limestone  is  generally  a  dark  blue, 
passing  into  a  dead  black,  while  that  of  the  oolites  is  usually  pale  gray,  cream-colour, 
or  dead  grayish  white.  The  liassic  portion,  indeed,  is  often  blue;  but  this  partakes 
rather  of  the  character  of  a  clay.    The  marlstonc  is  of  a  creamy  white. 

The  Cotteswolds,  so  called  from  the  sheep-cotes  abundantly  dispersed  over  the 
wolds  or  hills  of  part  of  Gloucestershire,  consist  of  a  range  of  oolitic  hills  of  moderate 
elevation,  but  traceable  for  nearly  fifty  miles,  and  presenting  much  interesting  country 
both  on  the  higher  ground  and  in  the  inclosed  valleys.  A  considerable  variety  of 
woodland  and  park-like  scenery,  of  pleasing  character,  is  met  with  in  these  districts; 
but  there  is  little  grandeur,  and  little  that,  independently  of  association,  cultivation, 
and  other  accessories,  would  attract  the  artist. 

Cretaceous  Iiimestones.— The  chalk  downs,  also,  ranging  through  the  country 
from .  the  south  coast  to  the  Yorkshire  cliflfe,  parallel  to  and  at  some  distance  from 
mountain  limestone  scars  and  the  oolitic  wolds,  form  a  third  feature  in  the  limestone 
physiognomy  of  England.  Jutting  out  in  needles  from  the  Isle  of  "Wight  and  Flam- 
borough  Head,  presented  in  fine  bold  cliffs  as  at  Bcachy  Head,  forming  picturesqiie  and 
lofty  landmarks  as  at  Shakspere's  Cliff,  or  scooped  out  into  large  inland  hollows  $»  in 
the  Devil's  Punch  Bowl,  on  the  old  Portsmouth  road,  the  chalk  is  equally  Temariaiblo 
for  boldness  and  softness,  for  colour,  form,  and  vegetable  covering.  It  rarely,  indeed, 
exhibits  much  fine  vegetation  on  the  simimits;  but  the  hollows  are  often  rich,  and  titf 
general  effect  contributes  largely  to  give  to  England  that  peculiar  charm  so  Btamffj 
felt  and  so  highly  appreciated. 

There  arc,  also,  some  very  strong  and  pleasing  contrasts  presented  when  thiB  xoA 
is  undermined  by  the  sea,  bared  by  weather  or  by  the  hand  of  man,  or  so  placed  iluft 
it  affords  slopes  too  steep  for  much  vegetation.  In  all  these  cases  the  bedded  natan  ci 
the  rock,  its  ready  disintegration,  and  its  white  colour,  combine  to  produce  piotilBBiqiM 
effects ;  while  the  mixture  of  sweeping  and  abrupt  outline  always  marks  the  imMrhairiff^ 
state  of  the  material. 

In  addition  to  the  usual  white  chalk  of  the  south  of  England,  there  is  a  red  faiietf 
of  about  the  same  hardness  in  Yorkshire,  which  somewhat  alters  the  appearance  of  tiia 
mass  when  seen  at  a  distance;  and  in  other  parts  of  Eui'ope,  nearly  adjacent,  m ill 
some  of  the  Danish  islands,  and  on  the  banks  of  the  Mouse,  in  Belgium  (at  Maestxiofat)) 
a  different  texture  and  warmer  tint  also  effect  some  changes. 

Iiimestones  of  Continental  Surope.— The  characteristic  points  of  limestone 
scenery,  as  dependent  on  geological  date,  are  somewhat  different  in  other  parts  of 
Europe,  but  still  admit  of  comparison.  The  valley  of  the  Mouse,  near  Namur,  exhibits, 
in  great  variety  and  singular  beauty,  the  scar  or  cliff-like  nature  of  our  mountain  limc^ 
stone  in  rocks  of  precisely  the  same  age.    The  chalk  of  the  north  of  France  is  identical 
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in  appeaximcej  tliongli  mut^li  hardef ,  thaa  th©  chfllk  of  tho  Ni>rth  and  Soutti  Downs ; 
and  in  some  other  eases  siiailur  oompomoiu  miglit  be  wiMy  mndc.  Oi^  the  other  Land, 
tbo  grand  and  picturcsquo  doTelopmcnt  of  tlio  oolites,  as  icou  in  tho  Alpine  chain  in  the 
jum  moumtaiixs,  in  tho  doeply-intet^aix'tcd  plateaux  of  soutbcm  France,  and  in  tho^  of 
Eiiraria,  arc  aliogethcr  difibrcnt  from  that  of  the  corresponding  roi^ka  with  \m. 

Here,  indeed,  the  mountain  character  h  ptit  on-^-^hc  limcstolio  is  indurated,  and 
often  crystelline,  and  the  projecting  jaj^gcd  edges  shcMit  up  into  the  ulouda,  rivalling  tlie 
liighcst  peaks  of  granito  in  the  centml  a^cis. 

"We  nocd,  however,  only  tiuvel  a  little  further  cast  to  find,  in  the  mountain  rangis  of 
the  CancastiA,  tb©  very  countGrport  of  tbcj  Kwelling  de^tis  of  Suaaexj  Boractshire,  and 
"Wilt^ire*  The  rock  is  hard,  hut  the  nppcarances  are  thoee  of  soft  chalk,  and  the  pecu- 
limties  of  picturcsriuQ  character  are  dcsenbcd  aii  strictly  andogous  hy  the  few  travcHora 
who  have  had  an  opportuiuty  of  judginjj. 

Amongst  the  picturesque  scenery  of  thr  softer  limcsttinesT  the  singidar  isolated 
T&dkSj  wgU  known  as  the  Needles  of  the  Icdc  of  Wight,  Hig  eoas^t  of  Normandy,  and  the 
ciwiat  of  Yorkshire,  havo  heen  already  alluded  to,  and  have  hoen  figured  as  illustrating 
tbe  wearing  action  of  tho  waves  on  such  material.  The  Cut.  given  in  page  145  may  he 
referred  to  u&  serving  to  give  ^mc  idea  of  the  result  of  such  mcehonical  action  under 
circumatancGS  by  no  means  rcmarltahly  favoujuhle  for  iU  rapid  progress. 
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There  are  nowhere  finer  instances  of  the  bold  and  picturesque  variotios  of  limestone 
icenery — tiie  rock  being  brittle,  crystalline,  and  hard,  and  ita  position  tilted,  broken ^ 
end  fragmentary,  and  placed  far  above  the  level  of  the  plaim— than  those  oeenrring  in 
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t'h^  Alpiiis  i&Dgfv  and  c^peulflUy  Iq  the  extenfion  eastwimla  of  th«  moixL  ehuii  citheUpt 
In  tirosaiag  tho  groat  St  Bemord,  the  cdhicaI  peak,  caUed  the  *'  SBgtrtfl^ir*'  ^*^ 
riHing  iQ  the  mofft  ronmntie  bolstifjiL     In  the  €c4  die  Ik^iilionant?,  A33i1  In  Yscn^pf^ 
at  the  TaUey  of  AwtB,  other  remarkable  pt^iiks  oc«ur;  while  the  SiokbuFg  nffrtlVt 
flanking  tht^  centrnl  granite  iutis  oa  thu  GcnnAO  side,  and  iormhig  theTyrt^lin 
nnmerouB  raagmficiiiit  examples  of  all  the  peculiarities  of  fornj'aud  ooJi?ur  thsiiiiew 
rock*  can  iutBumc,     In  Greece,  agdni  the  effect*  are  equally  grand  and  itnkiDgi  ^^^ 
k  intcroatinj5  to  find»  that  as  we  adynnoo  in  thiii  dlrcctioii  the  mountain  linieatpui  <» 
limesttjnc  which  forn^  striking  uK^untMii  massea,  is  grudually  more  and  motte  mofc'J 
in  ^c  date  of  ita  foimation.     Thna,  while  in  Enjfland  the  ^o-f^alled  momttaia  hmeib*^ 
141  of  the  ottrboniftroua  period,  in  the  Alps,  th<t  limestones  fomiing  mountain  mtHHeB 
oolitie,  and  in  Grmce  and  the  Caueaaua  dretxiCfxiUii ;  whilo  evi?ii  teftiary  limcatOOB^  ni 
tha§e,  too,   of  no  ancient  date,  are   met  with  in  the   M^terrancaii,    on  the  ^<s^ 
coast  of  Africa,  and  in  the  lila^tj  frowning  precipitously  aboYC  graniti?*  and  efki 
cryfltaUint  TO<skfl,  and  ornupying  tlic?  feont  rank  amount  the  cdement*  of  pic^esqw 
»;^enery. 
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Geologica.1  Age  no  0mlde  to  Picturea^ue  Condition,— Thus 

re   geological    age,   eieept,  indeed^    in   very  limited    diatiicta-  Las    i 


WG  sec  tbflt 
has    no  refia^enee 


COKAL  LIMESTONE. 


Iu9 


to  the  nature  or  condition  of  rocks  in  a  land«capc.  Tho  Cut  in  pago  167,  illus- 
trating the  appoaranoc  and  condition  of  tho  stratified  limestones  of  Aymcstry,  in 
Herefordahiro, 


a   &ir 

examplo  of  one 

of    tho    most 

ancient    rooks 

of  this    kind, 

hat   little    al- 

tared  in  rela- 
tive position  or 

i^pearanco.  It 

helong^  to  the 

ulmian  period, 

and  has  passed 

through  all  the 

changes      and 

modifloations 

of  tho  west  of 

En^and.      It 

hai  been  sac- 

euMtitilyatiho 

HftlMMoiB,  as 

fhenmddybed 

K    A     nin&er 

sea-;    elevated 

to  ftm  land  j 

de^miedtohe 

coTvnd       up 

viflitHM  of  tlioiii^m^fk  of  f(TOt  of  other  do- 
;  ze-elevatodf  and  thoso  Iptir  of  thou- 
of  feet  of  rock  pared  tiway  by  the 
I  milk  agftin^  atid  covered  onfc  mmc,  oiily 

to  W  ze-eiposcd;     and   yet,   durJD^   nil  thoi^D 

kngpflcaodfl,  and  vokI  thang^^,  it  hna  only  be- 

ooii-A  tttda  more  compaetj  a  littk'  wc^tbored 

hi  ||^fiimice,  oisd  Rlif^hdy  cryF^tallinetj  in  itn  tcx- 

tnia.  ■  It  baa  ttot  lost  ite  fitrntitii^d  rbfimtjtL^r,  and 

isii^tidl  day  u  nearly  bori^antal  beda.   It  still  ro^nin- 

thevwligea  of  the   inhabitants  of  tbc   rarly   soa?.  in 

vhUkil  WM  first  dopoeit<?d,  bping  matlc  up  of  Eiholls  and 

conli^  and  other   subatancr-j  formerly  construe  ted  by 

admafced  beings.  The  mark«  of  these  are  not  oblltonxtodT 

and  we  have  no  diffloidty  in  identifyinct  the  rock  by  the 

nature  of  its  fossils. 

So  again,  the  annexed  Cut  (page  158),  which  rcprc- 

gents  caverns  in  the  carboniferous  limestone  of  Dudley, 

near  ~~ 


BPRTKG  OK  UOWrt  FAKXAB8V8. 

These  grand  and  gloomy  caverns,  partly  natural,  but  enlarged  and 
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rendered  useful  by  art,  have  been  excavated  in  a  hard  and  compact  but  stratified  rock, 
retaining  throughout  abundant  indications  of  its  origin  in  innumerable  corals  and  many 
shells,  to  whose  labours  it  may  be  said  to  be  entirely  due.  Grand  and  gloomy  effects  of  a 
peculiar  kind  are  produced  in  this  way,  much  dependent  on  the  nature  of  the  rock,  and 
often  confined  to  peculiar  districts. 

The  contrast  between  these  rocks,  so  distinctly  traceable  to  a  mechanical  origin,  and 
some  others  of  much  later  date  and  of  the  same  material,  in  which  all  traces  of  origin 
are  lost,  is  very  curious  and  important.  The  engraving  to  which  the  reader's  attention 
is  now  directed  (see  page  159),  represents  bolder  but  equally  characteristic  limestone 
scenery  of  comparatively  modem  date,  exhibited  in  the  classic  and  picturesque  mountain 
of  Greece.  The  abrupt  forms,  and  the  deep  clefts  thi^pugh  which  springs  of  water,  or 
even  sometimes  ready -formed  rivers  proceed,  are  well  marked  in  this  and  numerous 
other  instances,  and  lend  an  additional  and  peculiar  charm,  and  an  available  variety 
in  these  mountain  tracts.  A  cascade  rushes  down  the  cleft,  dashing  its  spray  over  the 
face  of  the  rock,  and  producing  that  "dew  of  Castalie"  spoken  of  by  the  poet.  A 
hollow  rocky  basin,  on  the  margin  of  the  rill,  at  the  foot  of  the  cascade,  and  supplied 
by  its  own  perennial  spring,  is  supposed  to  be  the  fountain  in  which  the  ancient 
Pythia  bathed,  and  whence  she  drew  the  inspiration  which  rendered  the  oracle  so  widely 
famed. 

Recent  Xilmestones  of  Coral  Zslands.— Eeference  has  already  been  made 
to  the  peculiar  agency  of  organic  beings  in  constructing  more  or  less  completely  some  of 
the  limestone  rocks.  In  some  parts  of  the  world,  where  the  labours  of  the  existing 
coral  animal  are  brought  to  light  by  the  upheaval  of  the  island  basis  on  which  they 
dwelt,  we  find  odd  and  jagged  piles  of  this  material  in  a  state  throwing  much  light  on 
the  history  of  now  compacted  rocks,  and  not  without  a  certain  amount  of  quaint  pic- 
turesquencss.  The  annexed  diagrammatic  view  (see  page  161)  will  serve  to  illustrate 
this  condition.  Many  of  the  blocks  represented  are  ten  or  twelve,  and  some  twenty 
foot  high,  and  they  more  resemble  the  temporary  and  irregular  form  of  icebergs  than  the 
permanent  condition  of  regularly  constructed  limestones.  The  following  account  of 
this  curious  appearance  is  given  by  Captain  "Wilkes  in  the  United  States*  Exploring 
Expedition : — 

"As  far  as  our  observation  went,  the  upper  portion  of  the  island  is  composed 
of  limestone  or  compact  coral  rocks ;  the  cliff  on  its  eastern  side,  where  we  first  landed, 
appearing  stratified  horizontally  in  beds  of  ten  to  twelve  feet  thick,  of  a  sort  of  conglo- 
merate, composed  of  shells,  corals,  and  pieces  of  compact  rock,  cemented  together  by  a 
calcareous  deposit.  The  imder  part  of  this  bed  had  been  much  worn  by  the  sea ;  the  rich 
soil  was  composed  of  decayed  vegetable  matter  and  decomposed  limestone,  and  the  slabs 
that  were  lying  loose  on  the  surface  had  a  clinky  metallic  sound  when  struck.  The 
island  has  unequivocal  marks  of  having  been  uplifted  at  different  periods,  the  cliff  at 
two  different  heights  appearing  to  have  suffered  abrasion  by  the  sea.  Stalagmites  were 
observed  under  the  cliff,  and  also  some  stalactitic  columns,  fourteen  feet  high  by  six  in 
diameter." 

The  account  of  this  island  throws  so  much  light  on  the  composition  of  the  ancient 
limestones,  and  the  causes  of  their  peculiar  features,  that  it  is  well  worthy  the  attention 
of  the  careful  student  of  nature.  Many  of  the  secondary  and  palaeozoic  rocks  consist 
partially  of  coral  banks,  and  others  contain  a  large  admixture  of  such  materiaL  In  all 
these  cases  the  analogy  with  the  modem  rocks  of  the  kind  htrc  described  is  easily 
recognised. 


THE  CAVERNS  OP  ADKL8BER0.  161 

tto«s  Mild  Stalaetites. — ^Mention  is  mado,  in  tHo  preceding  notices,  of  a  ooral 
*  oofamms  formed  in  the  manner  of  those  frequently  found  in  natural  caToms,  and 
Jed  gtaiaeiitesj  or  ataloffmiUt,  according  as  they  drop  from  the  roof^  or  rise  firom 
.  These  sometimes,  as  in  the  great  caverns  of  Antiparoa,  and  those  of  Adolsberg, 
nibjeots  for  the  artist,  and  present  the  most  grotesque,  strange,  beautiful,  and 
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ind  outlines.  The  following  account  of  the  Adolsbcrg  caverns  is  snfBcicntly 
to  dcacrvo  being  quoted.  It  is  from  the  pen  of  an  American  traveller : — 
3  advanced  with  case,"  he  states,  "  through  the  windings  of  the  cavern,  which 
was  so  low  as  to  oblige  us  to  stoop,  and  at  times  so  high  that  the  roof  was  lost 
loom.  But  everywhere  the  most  wonderful  varieties  of  stalactites  and  crystals 
admiring  view.  At  one  time  we  saw  the  guides  lighting  up  some  distant  gal- 
•  above  our  heads,  which  had  all  the  ap]>earance  of  verandahs  adorned  with 
tracery.  At  another  we  camo  into  what  seemed  the  long-drawn  aisles  of  a 
jathedrol,  brilliantly  illumiratcd.  The  whimsical  variety  of  forms  surpasses 
lowers  of  description.  Here  was  a  butcher's  shop,  which  seemed  to  be  hung 
nts  of  meat ;  and  there  a  throne,  with  a  magnificent  canopy.  There  was  the 
ico  of  a  statue,  with  a  bearded  head,  so  perfect,  tbat  you  could  have  thought 
>rk  of  a  sculptor ;  and  further  on,  toward  the  end  of  our  walk,  the  figure  of  a 
with  a  helmet  and  coat  of  mail,  and  his  arms  crossed;  of  the  illusion  of  which, 
my  efforts,  I  could  not  possibly  divest  my  mind.  Two  stalactites,  descending 
each  other,  are  called,  in  a  German  inscription  over  them,  with  sentimentality 
rman,  *  The  union  of  two  hearts.'  The  resemblance  is  certainly  very  striking, 
wing  *  the  hearts,'  we  came  to  the  *  ball-room.'  It  is  customary  for  the  inhabitants 
berg,  and  the  surrounding  country,  to  come  on  "Whit-Monday  to  this  grotto, 
brilliantly  illuminated,  and  the  part  colled  the  baU-room  is  actually  employed 
purpose  by  the  peasantry.  A  gallery,  very  appositely  formed  by  nature,  serves 
dans  for  an  orchestra,  and  wooden  chandeliers  are  suspended  f^om  the  vaulted 
.  is  impossible  for  me  to  describe  minutely  all  the  wonderful  varieties;  the 
ins'  seeming,  as  they  fall,  to  be  frozen  into  stone ;  the  *  Graves,'  with  weeping 
•waving  over  them;  the  *  Picture,'  the  *  Cannon,'  the  'Confessional,'  the 
the  *  Sausage-maker's  Shop,'  and  the  *  Prisons.'  I  must  not  omit  mentioning 
which,  though  less  grand  than  many  others,  is  extremely  curious.  The  stalao- 
B  here  formed  themselves  like  folds  of  linen,  and  are  so  thin  as  to  be  transparent,  i 
8  like  ihirt-rufflos,  having  a  hem,  and  looking  as  if  they  were  embrotdecod^ 
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and  there  is  ono,  caHed  the  '  Curtain/  which  hangs  exactly  in  natural  £>]id«  like  e 
white  and  pendent  sheet.  Evcrywhero  you  haye  the  dripping  as  of  a  oontiimal  ahower, 
showing  that  the  mighty  work  is  still  going  on,  though  the  seTeral  stages  bf  its  pfO> 
gress  are  impcreeptihle.  Our  attention  was  so  excited,  that  we  had  walked  two  houn 
without  fiseling  the  least  fiEitigue,  or  being  sensible  of  the  passage  of  time.  We  had 
gone  beyond  the  point  where  most  travellers  had  stopx>ed,  and  had  been  rewarded  for  it 
by  seeing  stalactites  of  undiminished  whiteness,  and  crystals  glittering,  as  the  light 
shone  upon  them,  like  unnumbered  diamonds." 

It  is  true  that  these  stalactites  are  local  and  unusual  conditions  of  limestone,  bnt 
they  dosenre  some  notice  when  treating  of  the  picturesque  fsatures  of  the  rock.  Other 
modem  Emertones,  almost  equally  grotesque,  may  be  expected  to  exist  wherever  the 
material  has  been  rapidly  accumulated,  and  also  when  it  has  been  qnickly  or  exten- 
sively distuAed.  Others,  again,  belonging  to  the  tertiary  period  and  of  very  late  date, 
occupy  evenly  spread  and  little  disturbed  districts,  afanost  as  remarkable  fer  monotony  ; 
as  the  oliiflrs  for  varied  ovOine.  In  the  south  of  Boropceq^eeially,  there  an  wide  tracts  I 
of  tertiary  limestone,  prcsentmg  all  the  peeuHaritieB  hAlierto  mil  ml  ■ii  being  soft,  I 
and  regularly  bedded;  others  soft,  but  w16l  no  bedding  manifest ;  some,  on  the  other  ' 
hand,  are  compeuit,  hard,  and  durable,  and  these  also  occasionally  show  marks  of  strati-  ' 
fication,  although  they  are  often  without  any  such  indications. 

CvystalliiM  Llfla68UiiiMi.~-It  remains  now  only  to  speak  of  marUet,  or  ciyi*   ;    i 
talline  limestones ;  but  these,  as  £eu:  as  they  belong  to  the  rocks  whose  age  is  known^    I    | 
have  been  already  icferred  to,  and  if  purely  metamorphic,  they  will  come  nnder  dis-    '    i 
cussion  in  a  future  chapter.    The  latter  hardly  occur  in  England  at  all,  as  the  only       i 
marble  quarries— Aosc  of  Derbyshire  and  Devonshire — are  worked  in  beds  of  carbon^ 
ifi?rous  or  Devonian  limestone.    In  Oreece  and  Italy,  where  statuary  marble  exiats,  a&d 
in  Ireland,  whence  small  samples  have  been  brought,  the  conditions  in  which  the  rode    i 
is  found  are  such  as  to  produce  the  scenery  of  metamorphic  and  not  of  stratiied   • 
formations. 

Colour  and  TegotatioB  of  Umestoiies.— The  colours  of  limestone  have  been   ; 

aDuded  to  as  varying  greatly  under  different  kinds  of  exposure,  and  also  according  to    ' 

,    the  admixture  of  colouring  matter  in  the  rock.     It  may,  however,  be  conMdered  that    ! 

j    white  and  gray,  of  lighter  or  daikcr  tints,  jmssing  through  very  dark  gray  into  black,    • 

an?  most  likely  to  prevail,  and  are  most  natural.  I 

The  vegetation  of  calcanH>us  rocks  is  also  a  subject  of  considerable  interest,  thoo^    : 

■    the  nimiber  of  plants  actuaUy  confined  to  particular  minerals  is  very  smalL   Orchids,  in    I 

some  districts — scented  herbs  in  another ;  short,  sweet  grass  in  a  third,  mountain-asht    i 

'    and  many  other  beautiful  trees  elsewhere,  vary  and  enrich  the  scenery,  and  prodnee   | 

I    the  clfiMis  most  striking  to  the  eye  of  the  traveller,  and  most  sought  for  by  the  artist 

GoneHuioiD.— In  thus  speaking  at  some  length  of  the  principal  geological  and  i  ^ 
J  geographical  fiMts  concerning  linestofne  scenery,  it  may  be  noticed  thai  we  have  seanely 
f  geoebeyond  the  simplest  eiements  of  art:  considering  only  the  expression  of  liann,whape  '  ^ 
j  it  is  of  necessity  striking,  and  where  the  lepresentation  of  it  is  sure  to  be  aong^t  fir. 
:  IneiiienUBy,  howerer,  the  study  of  rocks,  with  a  view  to  their  proper  deliaeation,  c—wt 
i  fiol  to  kod  to  an  anvedatian  oif  those  points  of  detail  which  the  artist  mmtt  c^ediBy 
I  consider,  and  which  in  our  own  country  are  rarely  aeen  to  gieates  petiec'lkm  tikan  in 
(  Aoee  dirtricts  whtie  ralcareoos  to^s  preraiL  In  these  will  he  fixoii  aaa  anHifll 
j  of  rirhncfli  and  variKy.  in  respect  of  fcrau  cqnal  at  least  to  saything  Bct  with  in 
otkor  locks:  and  if  eQ4e!ir  is  less  wiftctly  tsaofhhed.  and  fccctation  Im  likelj  to 
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oonecal  the  preYaQing  and  oharactcristic  outline,  this  aiFordg  only  a  stronger  argument 

in  fEiYOur  of  the  uacfulness  of  snoh  studios.     That  they  yield  results  in  the  highost 

'    degree  Batis&otorj,  the  ovidcncc  already  adduced,  will,  it  is  hoped,  sufiieicutly  show; 

and  the  aketchos  in  the  foregoing  pages  will  illustrate  the  great  and  important  prinoi- 

I    plea  which  it  has  been  our  endeavour  to  explain. 

But  in  delineating  rocks  of  this  kind,  it  is  necessary  to  urge,  above  everything,  the 
importanoe  of  not  being  influenced  by  any  conventiunol  notions  of  limestone  or  other 
'■  rocks.  The  artist  should  go  at  once  to  nature,  to  study  there  all  possible  combinations 
of  definite  form  belonging  to  tho  constitution  of  the  rock  itself,  together  with  all  those 
subsidiary  and  derived  forms  dependent  on  its  decomposition  and  disintegration.  How- 
ever these  may  t^pear  to  contradict  the  prescribed  and  admitted  outline,  and  however 
various  the  associated  rocks  may  be,  there  will  invariably  be  found  a  true  hai-mony 
in  all  that  nature  does,  and  it  is  tho  comprehension  and  consequent  expression  of  this 
'    which  gives  the  highest  and  boat  finish  to  every  work  of  art. 

Sand  Rooks.— We  have  next  to  treat  of  rooks  in  which  tho  mineral  called  silcz 

is  a  principal  component  part    Under  this  general  definition  nrast  be  included  all 

varieties  of  sand,  sandstone,  flint,  and  quartz,  wherever  and  however  it  exists ;  whether 

•    hard  and  compaot,  or  of  the  loosest  texture,  and  blown  about  by  every  wind — whether 

pitftureay  or  nionotonont-'iferfeile  or  barren.    The  distribntion  of  tho  mineral  basis  is 

I   so  'vidOy  and  ihe  aotual  proportion  it  beers  to  all  the  Mit  of  tho  material  of  which  the 

,   oarfk'a  emit  is  built  ^  09  easae&igly  large,  that  the  danger  and  difficulty  in 

I   deMrfbiog  Hi  jAaaMtuam  trffi  arise  taiher  £rom  the  almost  imiverBal  presence  of  tho 

j   sidMtanoe  in  all  fbrms,  l3utt  fro*  any  atatewMit  of  charaoteaaatio  ftatwca  wlaoh  eonld 

not  be  ilhutroted  by  a  £sot 

Silica  sand  ia  widdy  if  not  umvenaBy  fiftued  over  tho  eartih,  flwj  uppuiuu  to  have 

been  so  from  a  fery  eatfly  period  of  the  oaMSh's  history.     It  is  consolidated  into  a 

rock  by  many  fittnraut  oementing  media,  watn  into  shax>cs  of  eihnost  every  kind  by  tho 

sea  and  air,  hardened  to  every  imaginable  degree,  and  is  alternately  grotesque  and  grand, 

I  Lold  and  tame,  picturesque  and  desolate.    It  presents  all  shapes  and  all  colours.     It  is 

naked,  and  clothed  with  the  richest  vegetation ;  pare,  and  mi^ed  with  every  possible 

;   impurity ;  it  takes  at  one  time  some  eminently  characteriolic  form,  while  at  another 

''.  it  is  masked  by  an  admixture  of  limestone  or  clay  to  such  an  extent  as  to  simulate 

their  physiognomy.      Occasionally  it  is  rendered  crystalline,  and  imitates  closely  the 

granites  and  porphyries  in  some  of  their  most  striking  features. 

Still  tho  sand  rocks  ore  not  without  their  own  form  and  character,  and  they  present 
in  England  and  elsewhere  many  interesting  and  highly  picturesque  features.  The  loose 
sands  of  tho  sea  shore  lend  occasionally  the  best  assistance  to  form  a  middle  distance, 
and  produce  great  effects  in  marine  subjects,  but  their  veiy  monotony  and  uniformity 
require  the  most  careful  study  in  drawing.  The  view  of  Lancaster  sands,  in  the  wood- 
cut immediately  before  us  (page  1G4),  w^  remind  the  artist  both  of  the  difficulties  and 
opportunities  of  such  scenery ;  for  in  this  case  there  is  a  wide  estuary,  which  at  low  water 
forms  an  expanse  of  sand,  only  interrupted  by  the  channel  of  the  Lime.  Beyond  tho 
flat  sand,  however,  we  here  sec  a  noble  background  of  mountain  scenery. 

But  sands  associated  with  cli&,  and  with  all  the  varied  effects  of  a  sea  coast, 
affixrd  but  imperfect  ideas  of  the  nature  of  sand  soenery  and  its  capabilities.  The 
deserts  of  Africa  and  Arabia  are  much  more  marked,  and  are  grand  in  their  endless 
and  hopeless  monotony.  In  page  143  an  engraving  is  given  which  may  remind 
some  persons  of  the  essential  peculiarities  of  such  soenery ;  but  it  requires  the  genius 
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of  ft  Turner  to  draw  frooi  vaoh  dementa  the  materialB  of  a  gnsat  picture,  and  from 
tlie  mere  delineation  of  natiire  in  hev  atemeafc  and  least  smiling  mood,  to  produce 
a  yiyid  yet  trutMul  image,  bright  with  the  warmest  tints,  and  completely  triumpliaiit 
over  the  Yist  difficulties  presented  hj  the  want  of  intermediate  objccta  to  mark  the 
distance  of  the  homon,  and  ahow  where  the  heated  ak  meets  the  parched  earth,  and 
produces  the  difference  in  grayncss  that  aeparates  the  moving  sand  below  &om  tko  sand- 
cloud  ahove.  Many  artists  indeed  have  loved  to  attempt  thia  difficult  taakj  but  it  is  too 
evident  that  few"  have  succeed  ed. 

In  cases  of  this  kind  the  AOnd  is  isrsly  coloured  highly.  There  luts  been  too  mufih 
Metien  of  the  grains  one  on  another,  by  the  action  of  wind  and  waves,  t<J  allow  of  lie 
superficial  coating  of  metallic  oxides  being  retained,  and  a  alight  tint  of  red  hardy 
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conntcracts  the  natural  gra^fTncaa.  Coloured  sand^,  sometimes  vcrj''  bfTlli^int,  Fue  not 
wanting  in  limited  districts,  hut  vast  expanses  of  sand  are  nsually  tawny  and  imifonn. 
Blown  gandSj  occasionally  forming  low  sweeping  hills  by  the  sea  side,  arc  peenliar  and 
aometimes  interesting  objects  for  tho  artist,  but  have  little  positive  colour* 

Sof^  sands  occur  al^o  in  cliffs,  and  may  then  cxliibit  cveiy  variety  of  tint.  The  wdl- 
known  example  of  Alum  Bay,  in  tho  Isle  of  Wight,  ia  too  well  known  to  require  toom 
than  a  reference,  and  similsjf  phenomena  on  a  different  scale  are  not  raro.  It  may, 
Kowevcr,  be  euggeateJ,  whether  anch  appoaranciea  arc  desirable  as  studios  j  for  although 
certainly  natural,  they  almost  always  exhibit  an  artificial  aspcet,  and  ai-e  generally 
deficient  in  breadth  and  freedom* 

Moderately  haxd  sandBtonefl,  containing  a  larger  or  smaller  admisturo  of  clayey  0* 
calcareous  matter,  are  both  mors  common  and  more  varied  than  those  yet  mentiDnc6+ 
They  are  of  all  geological  periods,  but  each  possesses  some  pecidiaritY-  Thua  the 
greensandS'  (so  called  by  geologists,  owing  to  the  occasional  presence  of  f^reen  particlca 
of  eilieate  of  iron)  are  well  developed  in  T-ariens  parts  of  the  south  of  England  and  the 
TorksMrc  Coast,  and  afford  sconcry  of  remarkable  picturesqueness*  T\ig  Undercliff  at 
the  back  of  tho  Isle  of  Wight  (some  of  the  holder  and  gi'ander  features  of  which,  entin^f 
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ed  from  tho  naturo  and  position  of  the  rock,  are  well  known]  has  been  fre« 
Qy  sketched.  Black-gang  Chino  affords  another  example  of  stratified  sand-rook 
)derate  and  yariable  hardness.  Tho  cliffs  at  Hastings,  those  at  Hythe,  and  others  in 
une  district  between  that  town  and  Folkstone — the  fine  and  picturesque  Lcith  Hill, 
rotesque  rocks  at  Tonbridge,  and  many  other  well  known  spots,  have  long  since  and 
ently  exercised  tho  ingenuity  of  artists,  and  have  served  as  the  school  whence  some 
r  best  landscape  painters  have  obtained  their  cxporience  and  knowledge.  Kor  con 
be  better  examples  of  varied  colour,  tone,  texture,  weathering,  and  vegetation  to  be 
I  in  rocks  of  the  same  degrees  of  hardness  and  composition.  For  many  points  they 
I  aU  that  is  wanted,  and  tho  artist  studying  them  carefully  may  think  ho  can  become 
iar  with  sand  rock.  To  a  certain  extent  only,  however,  is  this  true.  There  is  a 
iar  character  by  which  rocks  of  the  some  age  in  the  same  country  can  often  be  idcn- 
,  and  in  Nature  there  is  always  a  harmony  observable  which  depends  on  certain  asso- 
ns  and  peculiarities  of  mineral  and  geological  condition,  and  is  the  same  in  kind 
considerable  distances  of  country  similarly  circumstanoed.  When,  however,  wo 
are  greensand  scenery  with  wcaldcn~the  Underdiff  with  Hastings  diffii  and  the 
ridge  rocks 
marked  dif- 
98  may  be 
.  in  colour, 

and  vcge- 
L,  and  each 

of  Bceneiy 
Lndy. 

e  i^etch  of 
ngham  Cas- 
3fore  lis,  in- 
ccs  us  to  a 
ct        where 

exists  an- 
kind  of 
toue  sccnciy 
ere  the  rock 
ft,  and  in 
respects  not 
e  that  at 
ngs;  but  yet 
J  the  result 
ry  different 
iJiity,  owing 

uliarities  of  colour  not  seen  in  the  engraving,  but  generally  producing  a  distinctly 
it ;  whereas  the  others  arc  greenish  or  gray.  The  effect  of  the  colour  is  aided  by  the 
nee  of  marls  not  very  common  in  tho  wcalden  rocks  and  grcensands,  and  decom- 
5  into  a  soil  very  favourable  for  vegetation;  so  that  the  districts  in  which  the  new 
indstone  prevails  are  remarkable  for  the  richness  of  their  pasture  land,  as  well  as  the 
y  of  the  trees  that  grow  there.  The  very  fact  of  the  presence  of  such  different 
ial  as  a  component  part  of  tho  rock,  involves  another  result  exemplified  in  the 
Lction  of  caverns,  which  takes  place  wherever  water  obtains  access,  and  can  nnr 
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dcrmine  anj  portion  without  bringing  down  the  whole*  Thua  in  tho  neighbourhood  of 
Nottingham,  uul  under  tho  cttAtlCi  i neh  vayona  oxkt}  aod  ai^  higUy  piotnrotque ;  thQ 
nahiral  erosion  of  wntcr  having  cleiuvd  nwoy  large  open  spaoosp  and  Isft  the  harder 
pmiB  Httppordng  ike  roof  us  plUars,  To  ncc  Buoh  phenomena  in  perfection,  the 
Bttist  m-aat  visit  a  singnlar  district  near  Dresden^  called  tho  Bnxon  Switacdjuid^ 
whoTC  they  can  he  studied  to  groat  odvnntagts.  About  ^ight  miloa  above  Dresdos,  on 
the  Elbe,  the  mlley  cIomb  in,  the  hills  hecomo  more  lofty  arid  haw,  and  one  of  theic 
nnturid  barriers  commenoes,  whii^h  in  mimy  piirts  of  tUo  world  uiark  eomo  gr**a,t  goo- 
logical  fcict  ia  a  manner  equally  grand  and  pioturoBque,  For  a  f«nisld^able  diutani» 
the  river  makes  its  way  through  narrow  gt^rgiia  dorply  out  liirough  a  coerao  gnmud 
sandEtonc,  tho  mcloHinf?  roek  rising  In  smfwith  vcrtieal  walls  en  each  side.  At  frequent 
interrals  there  are  &iiniltir  lateral  intefsoctions,  »o  that  the  whole  most  ij  diTiclod  into 

isolated  rockit,  rising  abruptly  from 
a  low  level,  and  usually  tcnni^ 
nating  in  somo  grotosquo  or  pic^ 
turofiqiio  :form.  *^  Some  have  a 
huge  rotmded  mass  rcdlning  OH 
tlioir  eumrait,  whioli  appean 
scarcely  bread  enough  to  poiw  it  j 
othora  have  a  more  fogular  mMi 
kid  upon  them,  Uko  the  aatufal 
of  ft  DoBjQ  pillar  i  othcr«  osiuaac 
tho  £nin  of  inverted  pyimmide^ 
ineroaaing  in  hrcadth  aa  they  «haot 
higher  into  tlie  air.  Oceaiionan)' 
l^ey  pitMCfnt  a  stiU  mc^o  aingular 
anpiiBincc ;  for,  after  tapering  ia 
1  Ofloieal  fonri  to  a  certain  ek'- 
tjUqMi  they  iH^^giii  to  dilate  agsin 

-?^S^^^''^^S^''"  ~^^-   ■        ■■  ^^y  ^^^^  IiihIip*'!  ^^^  thus  fti- 
^^^fT  ^'^'*'    ',-     ""  vxmm  the  i^lmpu  of   an  inverted 

tawnled   (ioni^,    rcdcinbhng   cit- 
MOlff  Init  oTt  an  iniljutely  greater 
scale,  whai  often  occurs  in  cavamA,  wlicre  the  dotoending  rtulaetite  i^ta  on  an 
anceuding  itoJagmite, 

^The  aliTM,*  which  lioi  dMpiunk  behind  the  iumvut  erilled  tho  Ba»tei,  though  not 
BO  regular  as  somo  otibara,  is  Die  most  w<mdorful  of  all|  in  the  horrid  boldngi^A  and 
fantastic  forma  of  its  rocka.  Tho  OttnwaldLT  Gmnd  is  m  narrow j  and  its  wuIIb  ara  so 
loftyj  tJiftt  many  pniU  of  it  ciui  never  have  felt  tsuusbiiR'.  1  tiiudci  througU  tlie  greatdT 
part  of  it  on  tiiirnv  mul  ico^  when  all  ilIkjvc  waB  wanu  and  elieery,  and  butberllius  wirfl 
spotting  over  its  &azi;ii  busom.  ^enie  small  (umvMdva  were  literally  hanging  *  frOKon  in 
theij  ML'  In  one  place  tho  wnJbi  arc  not  more  than  four  ijfn>i  UBunder,  Some  hugo 
blocks,  in  their  oour^o  from  tho  iunnait,  liave  been  jo.mnic'd  in  between  them,  and  fontt 
a  natural  roof|  benoatli  which  you  rhusit  orecp  along,  above  Iho  brook  or  plonkS)  if  the 
brook  bo  amall,  or  wading  in  water,  if  it  be  swollen  j  fur  the  rivulet  oecupios  the  wholo 
space  botwe^n  the  walls  in  thi*  naiTow  paasago,  whieh  goes  under  the  nauie  of  *  Ueil.' 
"Wlnza  in  ona  of  tiiaia  lanes  you  find  an  alloy  striking  o^'  on  ono  sidi^  mid  kftvlog 
•  From  "Bti»wl'*  Gemmnf/'  p,  lU, 
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flqnaeiod  your  body  tbrougli  it,  anotliur  fiimilar  luiui,  whicli  yuu  soon  find  croaiod  by 
another  of  tbe  samo  sort,  you  iiiiglit  bcliuvu  yourself  travcriung  tho  rudo  modul  of  some 
gigantio  city,  or  vlMitiag  Uio  ruinud  abodo  of  tlio  truo  UurwJUu.  Again,  when  from  Homc 
eloyated  point  you  overlook  thu  wholo  miuu,  and  suo  Uicso  stifT  baro  rodu  riaiug  from 
the  eartlii  manifoating,  though  now  duijoincd,  that  they  once  forniud  one  body, 
you  nught  think  youriiolf  gazing  on  tho  Hkulutun  of  u  perLJiiug  world,  all  tho 
softer  parts  of  which  have  mouldered  away,  and  left  only  the  naked  indcatructlblo 
iramowutrk. 

<  The  Bastoy,  or  Bastion,  is  tho  name  given  to  one  of  the  largest  masses  which  rise 
doic  by  the  river  on  the  riglit  bank.  One  narrow  blouk,  on  the  very  Bummit,  projects 
into  the  air.  Porohcd  on  this — not  oti,  but  beyond  the  brink  of  the  precipice — ^you 
command  a  prospect  which,  in  its  kind,  is  unique  in  Europe.  You  hover,  on  the 
pinnaolft,  at  an  elevation  of  more  than  eight  hundred  feet  above  the  Elbe,  which  sweeps 
round  tho  bottom  of  tho  precipice.  Behind,  and  up  along  the  river  on  the  soiuo  bank, 
rise  similar  precipitous  clifls,  cut  and  iiitt'rsected  like  those  already  described.  From 
the  farther  bank,  the  plain  gradually  elevates  itself  into  an  irregular  ampliithcatre, 
terminated  by  a  lofty  but  rounded  range  of  mountains.  Tho  striking  feature  is,  that 
in  the  boaom  of  this  nrnphithnatBO,  ft  jKaiu  of  tho  most  varied  beauty,  huge  culumnar 
lulls  start  up  at  oiuw  from  tko  yiWHril»  at  great  distances  from  oach  other,  overlooking 
in  lonely  and  aolann  granlmr  ofteb  ill  own  portion  of  tho  domain.  Thoy  are  monu- 
ments whiok  the  Bhs  im  Isft  lindtaig  to  conmicmorate  his  triumph  over  their  less 
hardy  Vindwii  B«  aMfc  ssmarkiUa  wnmig  Hiem  are  tho  LUienttem  and  Koniffatew, 
whiidi  iamm^mmif  im.  tli»  oentm  of  ths  pioturc,  to  a  height  of  abovo  twolvo  hundred 
feet  abasB  flit  Umd  cif  Hie  Slhe.  They  rise  pcrpcndicuhirly  ih>m  a  sloping  baso  formed 
of  d^ii,  and  now  «0vered  wi^  natwnd  wood.  Tho  access  to  the  summit  is  so  difficult 
that  an  Elector  of  Sasony  and  King  of  Poland  thought  the  exploit  which  ho  performed, 
in  scrambling  to  tho  top  of  the  Zilicnatcin,  daserviug  of  being  oommcmoratod  by  an 
inscription.  Tho  access  to  tho  Konigaiein  is  ariiflaiul,  for  it  bas  long  boon  a  fortress, 
and,  from  tho  strength  of  its  ntimtiou,  is  itiQl  a  vifgin  ouo.  Besides  those,  tho  giants 
of  the  territory,  tho  plain  is  staddad  witti  many  otibMr  calwwwur  omisonoes  of  tho  same 
general  character,  thou^  on  ft  muSH  aeaUi." 

Very  fine  scenery,  enibiely  due  to  the  peoulianltui  «f  ft  itud  sook  which  is  extremely 
soft  and  readily  acted  on  by  aii  inihiancos,  is  sesft  in  ths  tcrtifirj  rooks  of  tho  south  of 
Spam,  between  the  Sierrft  Nevada  and  the  coast.  Here,  owing  to  the  remarkable  dry- 
ness of  tho  atmosphere  and  occasional  vcrj'  heavy  rfiins  which  rapidly  nm  off  in 
torrents,  tho  soft  sands  arc  usually  left  with  walls  absolutely  vertical  on  one  or  both 
sides,  and  tho  openings,  either  into  the  ricli  transverse  volley  of  the  Alpujanos,  or 
towards  tho  yet  richer  and  almost  tropical  vegetation  towards  the  coast,  afford  tho 
most  striking  contrasts  with  the  pale  gray  mass  of  barren  rock  immediately  beforo  one. 
Bock  of  somewhat  tho  same  kind,  but  much  harder,  is  scon  at  Shanklin  chiue  in  the 
Isle  of  Wight, — an  interesting  locality,  well  known  to  the  English  artist,  and  frequently 
sketched. 

There  is  no  limit  to  the  number  of  familiar  examples  of  soft  sand-rock,  varied  almost 
always  with  occasional  harder  portions  that  have  resisted  somewliat  longer  the  aqueous 
and  atmospheric  iniluoncea  acting  upon  them.  Thu  heaths  of  our  own  country,  and  the 
pathless  deserts  of  Africa,  the  grand  but  siugidar  rocks  of  the  Saxon  Switzerland, 
whence  may  be  seen  the  great  expaiiie  oi'  the  plain::  of  Nortlicm  Europe,  and  tho  flank- 
ing hills  of  tho  Sierra  Is^'cvada,  within  sight  of  pulms  aud  plantains,  do  but  afford 
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Tftrititioi  of  Tt-'ry  nmilar  xninoral  conditions  modified  by  climate  and  by  geologica 
oauK!S  (lonnootod  with  clovation. 

The  induration  of  sand  is  a  gradual  process  brought  about  sometimes  by  mere  cohe- 
sion, nirmoiimv.H  by  the  infiltration  of  water  containing  iron,  carbonate  of  lime,  silica,  or 
ifOivr  Mubtoiiccs  in  solution,  and  sometimes  by  a  process  of  metamorphosis  tending  to  pro- 
ducts a  (jrystallino  mass  not  unfrequcntly  showing  this  tendency.  Almost  all  true  sand- 
rock,  not  y(it  chang(»(l  into  massive  quartzite,  presents  some  of  the  characteristics  of  a 
c()np;I()ni(«rato,  tlio  grains  of  sund  being  of  different  degrees  of  fineness,  often  passing  into 
small  pobbloH,  and  Homotimcs  consisting  of  stones  rounded  or  angular,  of  yarious  dimen- 
slonH  fVom  that  of  a  i>in'8  head  to  blocks  of  some  hundreds  of  cubic  feet.  In  the  grits 
of  ull  ag(>«  tli(»Ho  difrorcnces  occ\ur,  and  in  none  more  than  those  of  the  coal  measures. 
II<T(',  iiidi'od,  an)  foimd  occasionally  all  the  varieties  and  peculiarities  of  structure  in 
thlf*  rock,  untl  not  \miVoquently  in  a  highly  picturesque  manner.  The  annexed  represen- 
tion  of  the  millstono  grit  is  one  of  numberless  examples.    It  shows  stratification  and 


:.>*\^.   oit;r. 


*tnK'!ur\^  in  xho  bcxSd^^t  mannor*  sud  adui-*^  of  KzTxy  rvfcnrcvi  to  a?  a  fair  exsnople  of  a 
wrv  vvrvliuATY  i,\xtivliU\>ii  v>f  xhe  m;itcn;iL 

Kitti^  exAW^*"*  v>f  xho  xttillstoae  gri:  vxvur  in  tho  zsctchK^urhooi  of  Sheffidd,  in 
AVKstfwUtlR^  lVi»  scivl  ia  v>«her  adia>.vRt  spots*  wh^*re  i  wrtsda  airro^iiit  of  weather- 
\t\^  h**  vvatnsxaik-au\l  th*:  kixvnI  ciu»rkrtv*r  to  tfco  rsvk  And  tba:  d^rgrve  v*f  decomposi- 
:is^\  Yk  hWh  Arv'  ;-3ivv>uruMo  to  the  i:?v>wtli  ox"  w^^tadoix.  wMch  avwrtlicLrly  <;; reads  itself 

W«it  ^hc  c-VsVv:ioa  of  tbw  doie-p  tvd  ^tad  ^Tre^rorsSt  :$^at!C5  of  the  lo'wrr  cretaceous  series, 
aofcsi  •  V  vaIvt  ttutod  >«  stilt  r^Ni  rwk*  Y:irw|jp»ted  with  coiocrtfd  marfs*  of  di-e  new  red 
*w»jbfv*tte  sertos*  the  ^rvvtjtsha^  cviv.nir  of  «ttBdstv>ai«  i*  iT*r.  *ad  this  »  aisacwt  ahrip 
tV  tiat:  rctaisfttNl  ori  weAtheris^.  IjtsxisAti^i  verv  fiv^^tteatly,  especially  w^ien  haid, 
ttatt^re*  ia  j^'E^fuasocv  thc::^  rvoliy  vaurtif^i  ia  ftrxtare.  sai  luosijlr  tvtt  bitnf  of  vece- 
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ttttidH  wliedi  i&  siskj  degree  ptiFQ  and  free  from  murUj  tbe  Bande  are  widely  e:p(read  and 
well  marked  forroftticmi*  They  are  found  of  all  date^—tertiary,  nemrnhxryf  palrooKoiCi 
and  metAmorpluc  or  orjataUin^ ;  ihty  arc  fiomctimos  thickly  bedded^  trnd  i^ftcn  occupy 
a  largo  superSoijd,  range,  but  mts  oei^^ionallj  in  thin  platea  or  handd  ulfiiofit  vettic>al, 
O^n  much  faulted,  and  fiubj<3Ct&d  t^  tbd  actsidcTit  of  ^aoturo  when  a  tang}i  eohi^roEit 
masa  was  lifted  far  from  iU  original  position  as  a  deposited  eand^  the  diilerent  parti  of 
a  laxge  seriea  are  alao  occaeiomilly  brought  into  comparkon  and  contract,  and  affoid 
evaff  opportunity  for  ahowing  tho  vaHed  afition  of  climate  and  water. 

Wherever  thia  latter  is  the  case,  there  exiit  all  the  elements  of  tho  pictui«sque  in 
azL  artiatio  eenae ;  hut  no  Yoluabto  result  will  ho  obtained  by  tho  artti^t  without  prt'scir- 
mg  truth  of  detail ;  and  tbU  can  oaly  ho  eeourcd  by  a  knowlodgo  of  the  eauEOA  and  a 
study  of  the  effect. 

Sand-rock  poa&es  into  qumlEite, — the  hardoat  and  most  eiyfitalline  form  the  maaaivo 
took  can  assume.     Tlu9  occurs  sometimea  only  in  ycina  and  fragmfiutary  masses,  but 


laE  ITlMflt  StOi^TA^ 


oecTOJUBlly  ou  a  much  larger  scale,  EitonaivB  mosses  of  quaiti  rock  are  oft<!n  extremrfy 
pirtaiesque  as  ohjocta  in  a  distant  landscape^  hut  arc  usually  too  bare  of  all  kinds  of 
'Vegetatiou  to  he  suMcient  in  thcmsolTes  to  complsto  a  picturcdgue  landscape.     The  stem 
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and  gloomy  grandeur  of  projecting  masses  of  naked  rock  of  this  kind  may  be  somewhat 
understood  by  the  annexed  dkctch  of  the  Stiper  stones, — a  remarkable  instance  well 
known  to  aU.  who  have  crossed  Shropshire.  The  woodcut|  in  preceding  page,  represents 
a  yicw  from  the  south  end  of  the  rocky  ledge,  whence  a  fine  contrast  is  obtained 
between  the  rugged  masses  of  quartz  on  Hie  north  side  of  a  deep  gorge  thro;3gh  which 
the  river  Onny  makes  its  way,  and  the  rich  woody  lands  of  Linley  watered  by  the  same 
stream  after  it  has  passed  tiie  defile.  These  rocks  are  made  up  of  a  number  of  broken 
and  serrated  ledges  jutting  out  to  form  the  summits  of  the  hills  at  heights  varying  £:om 
1500  to  ICOO  foot  above  the  sea.  They  exhibit  stratidcation  and  joints,  and  are  much 
faulted ;  the  larger  of  the  rugged  isolated  projecting  firogments  being  from  fifty  to  sixty 
feet  high,  and  120  or  130  feet  in  width.  The  slopes  of  the  elevated  moorlands  through 
which  they  protrude,  are  covered  with  coarse  detritus  of  the  same  rock,  and  many  loose 
blocks  have  rolled  down  the  ridge,  chiefly  on  the  eastern  side.* 

The  old  red  sandstone  exhibits  a  great  variety  of  the  best  and  most  picturesque  kinds 
of  sandstone  scenery.  It  is  characteristically  shown  in  parts  of  Herefordshire  and 
South  AYalcs;  but  its  grandest  development  is  on  the  shores  of  Scotland,  wkfite  it  wraps 
round  quartz  rock,  gneiss  and  granite,  and  efifeotoally  resists  the  action  of  tte  waves  on 
these  exposed  shores. 

The  rock  is  usually  a  conglomerate  or  coarse  hard  gravel,  often  of  a  dark  red  colour. 
Occasionally  it  forms  detached  pinnacles  or  needles,  projecting  beyond  a  coast  Une,  as  in 
some  of  the  western  islands  of  Scotland,  or  isolated  from  denudation  although  £eu:  inland. 
"  I  have  often,"  says  Hugh  Miller,  the  historian  of  the  old  red  sandstone  of  Scotland, 
« stood  fronting  the  three  Boss-shire  hills  at  flimset  in  the  fine  summer  evenings, 
when  the  dear  light  thcew  the  shadows  of  their  gigantic  cone-like  forms  ftu*  over  tiie 
lower  tract,  and  limited  i^  the  lines  of  their  horizontal  strata,  till  they  showed  like 
courses  of  masomj  in  a  pyramid.    They  seem  at  such  times  as  if  coloured  by  the 
geologist,  to  diHtfingfaiwh  lihem  firam  I&jO  surrounding  tract,  and  j&om  the  how  qq.  which 
they  rest  as  on  a  oonunon  pedestaL    The  prevailing  gneiss  of  the  cMriot  TCftaote  «  oold 
bluish  hue,  have  and  Hiaee  specklfid  witih  white,  where  the  weathered  niWTKfitwMAt 
of  intermingled  quartz  rook  jut  out  on.  the  hiH-aides  from  among  the  healih.    1!I|0 
huge  pyraauds,  on  the  contraiy,  from  the  deep  red  (tf  the  ateouE^.aeem  flaming  ia 
Tbece  apEesds  all  aimuuL  a  wild  and  desolate  landscape  of  Inokaa  and  shattaooed  iabk    \ 
sepscated  by  deep  and  gloomy  ravines,  that  seem  the  renia  and  teures  of  a  planet  ia    | 
rains,  and  that  speak  diaitinotly  of  a  period  of  convulsion,  whoa  upheavio^  fires  from    , 
the  abyss,  and  ocean-cnoents  above,  had  contended  in  suhliBiB  antagomism,  the  one    I 
slowly  eleYating  the  epotixe  tract,  the  other  grinding  it  down  and  sweeping  it  away."  f     | 

The  oharaoter  of  tihe  old  red  sandatone,  and  the  way  in  which  it  is  broken  and  wosa 
away  to  JGomn  picturesque  cUiBb,  is  alao  well  illustratod  in  some  parts  of  the  Irish  ooait 
The  Old  Head  of  Einsalo,  near  Bandoa  in  the  south,  is  a  fine  example  of  this.    AlaM    \ 
headland  is  hero  nearly  separated  from  the  mainland  by  the  action  of  the  waves,  wJiiiA    [ 
have  already  worn  away  deep  cavities  beneath,  and  thi'caten  soon  to  completo  Ibe    , 
destruction  they  have  commenced.    The  dark  frowning  and  gloomy  masses  of  roek  are    ! 
piled  one  over  another  in  an  order  not  iiregular,  and  the  hugh  step-like  terraces,  by 
which  one  may  descend  nearly  to  the  water's  edge,  are  admirable  instances  of  stratifica-    | 
tion. 

The  vegetation  on  sand-rocks  varies  with  the  diiTcrent  circumstances  of  decomposi- 


♦  See  Murchison's  "Silurian  System,"  pp.  268  and  283. 
t  MiUer's  "  Old  Bed  Sandstone,"  1811,  p.  2-L 
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tion  and  exposnrQ,  and  tho  admixturo  thcro  may  bo  of  foreign  substancc't.    Thus  while 

the  pure  quartiite  rises  white,  naked,  and  jagged  aboye  tho  ground,  ouly  covered  with 

a  few  dry  lichens,  and  unaffected  by  weather  or  atmoF^phcric  ehangi>,  tho  more  impure, 

though  still  hard  and  semicrystoUine  sandstonoB,  in  which  iron  and  a  littlo  marl  yet 

remain,  are  often  partially  coated  with  moss,  fcnis,  and  many  other  plants.     Quartz 

▼eins,  wherever  occurring,  are  usually  too  pure  and  crystollino  to  admit  of  vegetation 

growing  on  them.    They  are  thus  often  marked  at  tho  surfaco,  and  distingiiitihcd  from 

the  indoeing  rock,  while  decomposing  granites  or  porphyritic  rocks,  filling  up  fissures 

in  quartz  rocks,  aro  not  unfrcqucntly   marked  by  increased  fertility.     In  the  less 

I   compact  but  still  hard  sandstones  and  grits  of  various  geological  periods,  where  the 

I   presence  of  earthy  or  metallic  impurities  has  alteivd  the  texture  and  colour  of  the  rock, 

j   many  trees  readily  plant  themselvos  in  the  crovicioa ;  and  it  is  only  when  wo  reach  the 

j   other  end  of  tho  scale,  where  are  the  looso  moveable  sands  of  white  grains  and  con- 

I   siderablo  fineness,  that  we  meet  with  that  perfect  aridity  and  barrenness  which,  howevcri 

must  be  regarded  as  characteristic  of  sand  in  its  immixcd  state. 

TTaterfiills  often  abound  in  sandstone  districts ;  and  no  other  rocks,  perhaps,  exhibit 
moro  of  the  peculiar  features  that  belong  to  that  kind  of  scenery.  But  it  is  usually 
where  a  certain  admixture  of  material  exists,  as  well  as  a  different  condition  of  the 
same  material,  that  the  grander  phenomena  of  cascades  umially  occur.  In  England, 
the  small  but  picturesque  fells  at  Shanklin  and  Blaekgang  in  the  Isle  of  Wight  afibrd 
good  illiiBtraiions  of  this  point ;  and  others  might  easily  be  mentioned.  Mixtures  ci 
wooded  and  water  scenery,  noble  forests,  soft  rounded  hills  covered  with  vegetation ; 
rich  valleys,  with  tho  most  luxuriant  herbage ;  all  of  these  aro  no  less  characteristic  ol 
some  kinds  of  sand  rock,  than  frowning  jagged  x>eak3,  naked  clifT:;,  or  barren  deserts  arc 
of  other  kinds.  In  one  word,  however,  the  difFercnco  may  be  explained ;  for  wherever 
there  is  in  the  sand  rock  a  sufficient  admixture  of  clayey  matter  to  make  a  soil,  and 
wherever  the  rain  occasionally  falls  to  refresh  tho  earth,  there  will  be  the  refreshing 
green  of  vegetation ;  and  where,  on  tho  other  hand,  the  rock  is  crystalline  or  pure,  oi 
the  rain  does  not  fall,  there  will  be  a  deseit  ^d  a  waste.  Tho  sands  of  Lclth  Hill,  and 
other  places  fax  Swsy^  the  harder  sandstones  near  Tunbridge,  and  tho  millstone  grit  oi 
DerbyBhire,  are  «B.  ftwiinplfw  of  the  former  condition.  The  Stipcr  stones  (sec  page  169), 
the  dunes  of  tho  ooast  of  Flanders,  and  tho  Sahara  of  Africa  are  instances  of  tho  latter. 
In  tiiis  account  of  tiie  peculiarities  of  limestone  and  sandstone,  tho  reader  cannot 
have  fedled  to  perceiTe  that,  notwithstanding  the  frequent  combinations  that  exist  in 
natere,  tiiere  la  a  weUp-QWEkod  physiognomy  belonging  to  each,  by  which  it  may  be 
reoogniaed  in  a  landscape.  The  mode  of  formation  is  not  very  difiisKent;  but  the 
waaliheiriiig  or  decomposing  on  exposure,  the  etEnoi  of  drying  and  induration,  the  dogroe 
of  advance  towards  cryataUisation,  and  the  general  grouping  of  vegetation  on  each,  aio 
things- that  may  be  recognised  and  delineated.  It  is  certainly  necoasary  to  the  truth  oi 
n|BaiQatatiw,  that  they  should,  in  aU  thcdr  details,  be  femilior  to  the  landscape  artist ; 
but  liiis  oan  oaly  propeily  be  done  when  he  knows  their  origin  and  history. 

Clay  Rocks.— The  physiognomy  of  clay  rook  in  its  various  degrees  of  induration 
and  weathering,  involves  perhaps  quite  as  many  and  as  wcU  marked  peculiarities  a;3 
either  of  those  already  described.  Like  thom  it  is  sometimes  hard  and  almost  crystiJ- 
line;  but,  unlike  them,  it  is  apt  to  form  into  a  sort  of  pasty  condition  with  water  (whicL 
acts  upon  the  softer  varieties  with  singular  rapidity) ;  thus  producing  results  altogether 
different  from  those  where  the  matciial  acted  on  is  either  thiown  do^vn  by  undermining, 
or  worn  niierely  by  attrition. 
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OUy  U  too  wqE  fcnAim  to  need  deacriptioii.  la  its  simple  fbno,  as  mere  argJUacecms 
caji]i,  It  foiniB  not  mortdy  the  bottoms  of  vaUejo,  l>u£  low  diSs^  often  vertical  but  con- 
MUmily  diAitgiag.  It  in  moesUy^  associated  with  tame  and  wooded  ecenerj,  and  often 
fitrmii  tUo  for<3gfoimd  io  coliiTtLted  tracts.  Most  of  the  deeemposed  material  of  various 
kindJi,  from  voritmD  rocks^  uHimatnlj  1>c}<^omc!S  ao  for  mi^ed  up  with  argillaceous  earth  as 
to  ii««ume  the  diiitinctivu  cliaraotcra  of  day^  and  be  rt^gaided  as  belonging  to  iM&  daas 
q(  ruek.  It  miiy  readily  be  imagined^  that  in  thii  etatL'',  eaally  and  rapidl]r  acted  on  by 
utimifiphcrie  chmigoa  of  mil  kinds — ^aouietimea  \vaBkc]d  aw^ay  by  rain — sotntytimcs  blown 
abotit  by  wind:! — nt  one  auoBen  formed  into  a  tonacieua  paate^  at  another  hard  and 
Jiifeunjd  by  bread  wptn  orovicea,  the  material  in  question  -will  have  to  be  regarded  moz^ 
Ai  dupondiJQt  en  aMoaiatioufl  tliau  as  having  ef  itself  a  distinct  aspect. 

The  eJleet,  however,  of  the  earthy  foreground  of  vegetable  aoH,  and  of  clay  rocla 
III  thiit  e(^ndltiou,  is  eminently  faveumblu  m  meat  coses  to  the  growth  of  pLanta,  niLd  h 
thcKFCifuro  ono  uf  the  moat  impexi^iTit  adjuncts  to  the  beautiful  in  all  landscapes.  limo- 
iteno  or  sandat[tnu  tilene^  or  asseciated,  but  without  much  clay,  m  comparatively 
bftiTOU^  and  want*  the  esaentiol  fertilising  principle,  Clay^  or  ar^aceona  earth,  givrs 
thb.  1 1  iMieeivea  and  ru tains  water— it  givea  that  mechanical  support  nocded  by  ihn 
roots  i*r  plant*.  It  coutainis,  reooivea,  tmd  distributes  better  than  anything  clsSj  ih^ 
Viwl^ms  ebouucid  auUUvneoa  that  are  neccjadory  or  useful  to  plants,  aad  whose  presence 
<n*  nbfloneo  in  mmiy  oitsixi  determines  tlxe  eikteneo  of  apcdes  \  and  finally,  it  combmea 
tt.it  d  n'hdt^r.^  iiiiire  uiiL^i\d  various  aiinple  mineral^  although  itself  an  irregular  compound 
of  vaUialde  uiUih  Uaneous  aubataueea. 

It  will  bo  nuderatoud  at  onco  by  the  arU^t,  tmd  by  every  ono  who  has  a  feeling  for 
lAiid.4Cii|H\  hpw  impertsint  a  study  must  that  be  which  conaidors  the  prmeiplea  of  Ibre- 


vu«  i^M  tvtiL  tL^i^  %>v  imcsx^ 


p^^^jbl,  inl  dte  7e^a£$i»»  ^  ^ttnJi  lal  nhif  vi'Eh  bacil  nx^k.     T&tv  i 
d^  h$.  TK^is^ptMed^  aod  ih±»  aeir  be  iv^ankd:  ^  i2s£  dm^ls  u»i  noaaal  i 
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altered  from  thdt  m  wMch  it  was  origmaU^  dnpoftitcd  from  suspcnsioii  in  wat(^.  When, 
howoyer,  thia  samo  snbstonci?  b&a  hcaxL  loQg  expand  to  ttiaso  mflucncca  whiuh  arc  con- 
EtuLtlj  in  aciioii  on  th^  ciarth)  a  ehangt)  fiupf^rvcncf,  and  tlw  claj  bcoomcii  mure  oom- 
paot,  bnrdsT,  lets  ^eetod  bjr  moistuiG,  and  oddumcM  a  tondani^j  to  split  in  ci?rUun 
dircctioixs  mnch  morQ  rf^adiljr  tHiui  in  othcre.  In  other  worda^  it  bocomoB  c^zyfitallinL'^ 
(md  t4?nd3  to  pa^  eitber  into  aliLto  of  pla^Atonc  poipbjiyf  according;  to  circunistanutia  of 
tssoclntion  witb  otbcr  mincmli'*  Slata  if  t^o  second  condition  of  cluj^  tuid  is  altoge- 
ther diatinct  &om  1iie  first 

Uvea  in  it^  softest  and  most  cosily  worn  il^tc,  duy  admits  of  tbe  picturesque  merely 
as  a  Toek.  lustoneca  of  tbis  in  England  tao  rare,  and  of  very  temporary  duration ;  but 
in  the  dry  warm  climates  of  the  soutb  of  Europo  and  north  of  AfHca^  especially  tbo 
latter,  tbers  aro  e3:ampl(*9  well  worthy  the  attention  of  the  artist.  Tbo  noorest  approaeb 
to  them  ia  seen  in  some  parta  of  tbo  Yorlcabire  coa^  wbcru,  howcrcr^  tbi5  hiUa  arc  low, 
and  Hie  pbenomtma  contlnod  to  tho  eoost.  AVitbin  tlio  range  of  tbo  Littlo  Atlua,  and 
about  sixty  miles  in  the  intoHor  from  Algiers,  is  a  seLnc  of  tliia  land  singularly  striking. 
There  ia  bore  a  wide  extent  of  broken  jip^und  between  aud  amongst  tbo  elevated  rid^si 
of  the  mountain  chain,  and  of  this  a  largo  portion  id  fioi^upi{>d  by  tertiary  maila  and 
clays.  Tbcae  are  Iooaq  in  tciturc,  and  baro  been  but  little  eultiyatcd.  In  places  there 
aro  large  tracts  where  no  ctdtiyattoii  appears  to  have  liecn  attempted,  and  when?  tbo 
grcnind  is  eut  up  mto  a  number  of  pyramidal  bills,  caeli  formed  of  a  mtiltitudo  of  amall 
ELfnilar  hiDooka.    Tbo  channel  tbat  boa  _-^ 

been  taken  by  oaeli  littlo  stream  of 
water  during  the  rains  of  oni*  season 
remains  tQl  tbo  next}  and  tbo  whole 
acenc  is  a  curious  mlxturo  of  the 
piciurt^ne  and  tbe  desolate  not  eofiily 
described*  Something  of  tbo  some 
Idod,  condiectcd  witb  mueb  grander  but 
not  mueh  more  lofty  mountains,  is  seen 
ia  the  aonth  of  Spami  at  the  back  of  the 
great  Sierra  Noradfl,  where  soft  clays 
form  a  sort  of  flanking  rango  fac'mg 
tke  Sierra  de  Gador, 

In  plains,  tb©  pecnlioritios  of  clay 
are  so  Taxied}  and  so  frequently  icpre-* 
Kuted,  tiiMt  it  ia  hardly  neceesary  to 
p'n  an  esimple  near  homo.  The  an- 
mixadOut  (page  l7S)r  roprosenting  tho 
plains  of  Thebes,  is  interesting  as  an 
QEomple  of  muddy  dotritua  brought 
<kiwn  and  accumulated  within  tho  lost 
few  hundrod  yi^ors,  within  which  time 
the  plain  has  actually  increased  in 
breadth  by  one  half,  whUo  no  less  tbjin 
cevcn  feet  of  mud  hare  been  deposited* 
The  element  of  the  picturcaquo  ia  not 
hi-TG  cannectfid  ^rith  the  mineral  or  its 
CQodition.      In  another  iUuatration  is  ropreaented  a  riew  of  tbo  abboy  and  ^l^ff  at 


WIIIIUT  CLllfF  AND  APHtT. 


174 


SLATES  AS  VARIETIES  OF  CLAY  HOCKS. 


Whitby,  where  the  bluff  appearance  is  not  due  to  the  strength  but  the  -wetness  of  the 
material,  and  to  the  fact  that  the  sea  wears  away  the  soft  rock,  and  removes  it  at 
about  the  same  rate.  In  this,  and  many  similar  coses,  the  efiect  of  weathering  is  at 
first  sight  almost  the  same,  on  soft  unresisting  clays  as  it  is  on  hard  sandstones  and 
granite;  but  a  Httlc  consideration  will  show  that  this  is  only  the  case  apparently,  and 
that  really  the  changes  must  be  of  very  different  nature  and  extent. 

However  this  may  be,  the  clays  found  in  England,  such  as  the  London  clay,  the 
gault  (seen  near  Folkestone),  the  Oxford  and  Kimmcridgc  clays  (forming  the  fen  districts 
of  Iluntingdonshire,  Cambridgeshire,  and  Lincolnshire),  the  Lias  (well  shown  at  Lyme 
Regis,  Dorsetshire,  and  "Whitby,  in  sea  cliffs  and  in  various  places  in  inland  sections), 
and  the  soft  shales  of  the  coal  measures,  will  all,  or  any  of  them,  serve  as  illustrations 
of  the  rock.  j 

Slate  is  a  mineral  identical  with  clay  in  its  composition,  but  so  different  in  appear-  i 
anco  as  to  require  special  consideration.  Its  hardness  and  remarkable  capacity  of  being  i 
split  in  parallel  layers  of  any  degree  of  thinness  are  among  the  first  qualities  to  be  j 
noted.  It  is  not  capable  of  mixture  with  water,  as  clay  is,  and  thus  weathers  in  a 
manner  altogether  peculiar,  changing  indeed  very  little  by  ordinary  exposure.  Whfle  | 
also,  days  usTially  occupy  valleys  and  low  hills,  slate  forms  great  mountain  masses,  and  ' 
is  met  with  amongst  metamorphic  limestones  and  sandstones,  granite,  porphyry,  and 


TiBW  OF  8xn»AW  (a  9late  mountain), 

quartz  rock.  It  ^dubits  varieties  of  colour  as  well  as  form,  and  is  remarkable  fbr  a 
peculiar  blue  tint,  admirably  shown  both  in  Wales  and  Cumberland  where  slates 
abound. 

Slates,  like  days,  are  of  all  geological  dates.    In  England,  indeed,  and  the  British 
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iSbay  are  only  met  with  amon^  tho  older  rocks,  rising  as  mountains  in  some  of 
it  icencry  of  which  our  country  can  boast.  Thus  the  round-baokcd  Skiddaw 
iflSBd  Cut),  owes  its  form  to  the  nature  of  its  composition  and  the  texture  of  the 
\sL  tho  Alps,  howcTCT,  and  in  other  mountain  chains,  the  case  is  diflbrcnt,  and 
H  no  fax  more  modem. 

steep  diffs  of  tho  Rhine,  in  some  of  tho  narrowest  and  most  pioturcsquo  locali- 
brd  remarkable  illustrations  of  tho  naturo  of  schists,  which,  after  all,  aro  but 
itiou  of  slate  rook.  The  accompanying  view  of  the  Lurloi,  a  well-known  spot 
tntrellcrs,  may  bo  useful  in  recalling  a  few  characters  of  scenery  not  without 
terest  in  itscll  besides  having  real  ynluc  as  showing  the  result  of  that  tendency' 
whioh  belongs  to  tho  hard  rocks  of  this  kind. 

■onld  not  be  difficult  to  refer  to  other  and  very  dificrcnt  scenes,  were  it  necessary 
how  varied  is  the  detail,  and  at  the  same  time  how  fixed  tho  general  character 
Boenery  that  depends  on  tho  action  of  known  laws  of  the  composition  and 
«  of  Tooiks. 

'  materials  exhibit  more  interesting  varieties  of  colour  than  those  of  which  clay 
ttfis.    Wo  may  say,  as  a  brood  generalization  (subject  to  very  numerous  cxccp- 

tions),  that  if  white  and  gray 
are  charactoriBtio  of  lime- 
stones, red  in  the  same  way 
is  a  common  tint  of  sand- 
stones, and  blue  of  clays. 
But  clays  take  other  colours, 
and  axe  especially  liablo  to 
bo  marked  by  vegetation. 
They  aro  also  certain  to  show 
a  considerable  variety  of 
light  and  shade  from  the 
broken  surface  exposed  in 
cliflfe. 

While,  however,  clay  cliffs 
ore  tlius  broken,  and  even 
jagged  and  rough,  being 
usually  freshly  broken,  the 
lower  hillocks  that  have 
fallen  down  will,  if  not  car- 
ried away  by  the  sea,  present 
a  smooth  aspect,  and  be 
covered  with  grass.  Flank- 
ing hills,  too,  where  this 
material  is  present,  ore  neces- 
sarily smooth,  and  often 
tame.  They  nowhere  rise 
out  of  the  suifiuje,  but  repose^ 
often  heavily  enough  as  a 
dead  weight  upon  it.     As 


VZBW  OF  TBX  LimiJEX  ON  TBI  UTIKS. 


I,  flierefore,  day  hills  are  subordinate  aftd  tame. 

ea  tildn  seams  of  clay  alternate  witii  sandstone  and  limestone,  and  are  exQOiAd 
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to  the  action  of  tho  -weather,  the  clay  is  the  rock  most  readily  removed  by  such  action ; 
but  tho  removal  of  the  clay  necessarily  produces  the  falling  of  the  other  bodies ;  so  that, 
although  in  such  case  hard  rock  forms  tho  largest  part  of  a  series,  the  presence  of  clay, 
which  allows  tho  water  to  remove  tho  support  of  the  overlying  mass,  produces  the 
destruction  of  these  same  superincumbent  masses.  Thus  are  produced  many  waterfalls, 
and  thus  also  such  waterfalls  assume  their  peculiar  and  picturesque  features.  This  is 
the  case  with  some  of  those  in  the  north  of  England,  but  is  most  remarkably  exem- 
plified in  tho  great  falls  of  tho  Niagara,  -which  arc  due  to  the  undermining  of  portions 
of  clay  strata,  which  are  removed  more  rapidly  than  the  rock  above.  One  of  the 
peculiar  characters  of  slate  scenery  arises  from  the  sharp  angular  fracture  -which  is  to 
bo  observed  in  it,  and  the  smallness  of  the  separate  portions.  This  is  the  contrary  of 
-what  is  noticed  in  unaltered  clays,  whcro  there  is  breadth  of  tone  and  uniformity  of 
character  always  to  bo  observed.  In  slate,  on  the  contrary,  there  is  a  minuteness  in 
tho  separate  portions  which  cannot  be  mistaken.  In  the  case  both  of  sea  cliflfe  ajid 
quarries,  -wherever  slate  has  been  considerably  worked,  or  much  exposed,  and  -where 
it  is  consequently  worn  by  the  action  of  the  sea,  there  is  often  found  a  peculiar  depth 
of  colour ;  and  generally  in  these  cases  a  purple  tint  is  the  one  that  prevails,  -which 
is  accompanied  by  a  peculiar  softness  almost  resembling  the  bloom  seen  on  fruit. 
This  is  peculiar  to  slate  and  clay  rocks,  and  is  derived  from  the  inherent  softness  of 
the  material  itself,  although  in  the  mass  it  may  have  become  hardened.  This  most 
essential  peculiarity  ought  never  to  be  lost  sight  of  in  drawing  rocks  of  the  kind  now 
imdcr  consideration.  There  is  also  a  peculiarity  of  tone  which  ought  to  be  represented. 
As  the  masses  of  slate  that  are  presented  in  quarries  and  clife  are  essentially 
angular  in  detail,  so  those  masses  of  slate  -which  are  presented  in  mountains  are 
essentially  hard  in  tho  mass.  This  is  especially  seen  in  the  slate  mountains  of  Scot- 
land ;  and  it  occurs  also  in  Wales  and  in  the  principal  mountains  of  Cumberland. 
The  peculiar  roundness  on  ono  side,  and  the  angular  shape  on  the  other,  is  charac- 
teristic of  the  rock  in  either  case.  Where  there  are  pools  and  lakes  of  water 
accompanying  slate,  we  very  often,  have  exceedingly  fine  effects,  and  especially 
in  those  cases  where  the  water  falls  in  considerable  masses  over  slate  rock.  The  general 
features  of  a  slate  and  clay  district  vary  very  much,  o-wing  to  the  irregular  action  of 
water ;  and  this  must  always  be  the  case,  because  water  acting  at  different  times  of  tho 
year  produces  different  effects.  It  is  very  seldom  the  case  that  slate  rocks  are  -without 
some  appearance  of  vegetation,  usually  consisting  of  lichens,  and  -very  often  in  rocks  of 
this  kind  there  are  little  crevices  and  ledges  allo-wing  of  larger  plants  to  make  their 
appearance.  It  is  also  not  uncommon  for  slate  rocks  to  have  both  quartz  and  limestone 
veins  traversing  them,  and  then,  as  the  limestone  decomposes,  it  mixes  with  the  day,  and 
produces  marl.  The  seeds  of  plants  blo-wn  about  by  the  -winds,  or  deposited  by  birds, 
grow  in  these  recesses,  and  even  a  tree  sometimes  appears  splitting  open  the  rock, 
and  making  a  way  for  its  roots.  The  consequence,  is  the  production  of  a  x>oculiar 
association  of  rich  vegetation,  with  otherwise  wild  scenery.  This  natural  planting 
on  slate  adds  to  the  picturesque  character  of  the  rock.  It  sometimes  happens  that 
schists  and  slates  are  associated  with  laige  quantities  of  silicioiis  matter,  forming  a 
very  hard  but  irregular  mass;  and  when  exposed  to  the  action  of  the  sea,  tiiis 
decomposes  in  a  striking  manner,  producing  very  bold  sea  clifi&.  This  is  the  case 
on  the  coast  of  Ireland,  and  also  on  the  coast  of  the  Isle  of  Man,  where  Douglas  Harbour 
shows  very  beautifully  the  form  which  such  rock  can  assume.  Numerous  instances  of 
the  same  kind,  on  the  coast  of  Great  Britain,  could  be  easily  given;  but  in  one  or  two 
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cases  the  ireodiering  tad  the  action  of  tho  sea  have  been  different.  All  these  varieties  of 
farm  are  seen  ocoaaionally  as  charactoristic  of  this  particular  kind  of  rock. 

Ahhongh,  then,  it  may  have  seemed  that  the  peculiarities  of  a  rock,  so  common  as 
day,  were  hardly  sufficiently  important  to  claim  a  lengthened  notice,  yet  it  may  be 
foond  that  even  in  this  apparently  unimportant  detail  there  are  great  truths  in  nature, 
and  that  if  these  are  not  observed  by  the  artist,  his  picture  will  be  imperfect,  and 
unworthy  of  a  hi^  place  among  the  efforts  of  the  pencil. 

But,  indeed,  of  all  matters  that  are  important  in  a  landscape  pretending  to  high 
czeellence,  none  are  really  more  so  than  those  that  have  reference  to  tho  subject  now 
befiare  us— the  broken  foreground  of  earth.  The  contrasting  forms  of  distant  and 
remarkable  scenery  are  easily  caught  and  preserved.  Tho  striking  tints  of  colour,  the 
bold  masaes  of  light  and  shade,  tho  character  of  tho  scenery  generally,  (using  this 
ezpreaaioiQ  in  its  widest  sense),  may  be  obtained  by  the  camera  lucida  or  the  daguerreo- 
type, and  thus  all  the  more  decided  outlines  be  perfectly  true.  But  then  commences 
tiie  woik  of  tho  true  artist ;  and  it  is  only  he  who  can  first  feel  and  appreciate,  and  then 
iquresent  Nature's  delicate  detail  of  minute  form  and  colour,  who  can  bo  said  to  do 
justice  to  the  scenery,  and  originate  a  truo  work  of  art.  And  hero  it  is  that  know- 
ledge and  leeling  of  tho  nature  of  clay  and  earth,  and  the  peculiarities  of  form  they 
are  likely  to  assume  when  acted  on  by  air  and  water,  come  into  fUll  play.  The  more 
these  details  are  attended  to,  tho  more  near  perfection  will  the  picture  be.  "  The 
higher  the  mind,  it  may  bo  token  as  an  universal  rule,  the  less  it  will  scorn  that  which 
ajqpeara  to  be  small  and  unimportant,  and  tho  rank  of  a  painter  may  always  be  deter- 
mined by  observing  how  he  uses,  and  with  what  amount  of  respect  he  views,  the 
mimttisd  of  nature.  Greatness  of  mind  is  not  indeed  shown  by  admitting  small  things, 
but  by  iTF«iJn^^g  small  things  great  under  its  influence.  He  who  can  take  no  interest  in 
wbtii  ifl  amaU,  will  take  false  interest  in  what  is  great ;  he  who  cannot  make  a  bank 
sublime,  runs  a  chance  of  making  a  mountain  ridiculous." 

GsystmlliiM  and  Igneous  Rock. — Wc  have  now  to  consider  those  peculiarities 
of  scenery  due  to  Hio  presence  of  rocks,  either  altered  from  their  original  mechanical 
condition,  or  fonnod  directly  by  some  igneous  and  crystalline  action.  These  rocks  are 
not  imfrequently  tho  central  lofty  peaks  of  great  mountain  chains,  but  they  occur  also 
in  subeidiary  ridges,  in  hills  of  moderate  elevation,  and  even  in  wide  plains.  They  are 
sometimea  altogether  barren,  and  occasionally  clothed  with  the  most  luxuriant  vegeta- 
tion ;  in.  one  place  they  astonish  by  their  savago  grandeur,  in  another  fatigue  by  their 
tsme  monotony,  and  in  a  third  charm  .by  their  beauty  and  softness.  They  include  two 
Tcry  distinct  kmda  of  material  corresponding  to  difference  of  scenery. 

•▼olcaaie  Rodu,  lATa,  and  Basalt. — ^In  various  parts  of  the  world  there  are, 
it  is  wen  known,  certain  conical  mountains  vomiting  flame  and  smoke,  and  frequently 
bdching  forth  showers  of  stones,  or  pouring  melted  rock  on  the  earth's  surface  or  beneath 
the  water.  These  are  called  volcanoes,  and  in  addition  to  those  now  in  activity  thero 
aie  muneroiiB  others  occupying  whole  districts  where  similar  hills  and  rocks  exist,  not 
produoed  and  not  known  to  have  erupted  within  the  historic  period.  The  annexed  view 
of  Gotopazi,  in  the  Andes  of  Quito,  (p.  178),  will  remind  the  reader  of  tho  regularity  of 
form  which  is  peculiar  to  mountains  having  this  origin.  It  is  described  by  Humboldt 
as  the  most  beautiful  and  regular  of  all  the  colossal  summits  of  the  Andes,  being  a  per- 
fect cone,  covered  with  snow,  and  shining  with  dazzling  splendour  at  sun-set.  No 
rocks  prqject  through  its  icy  mantle,  except  near  the  edge  of  the  crater,  and  it  is  con- 
sidered that  the  ascent  to  the  summit  is  impossible,  owing  to  deep  ravines  surco\mdxsi^ 
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VIEW  OP  TUK  VOLCANO  OF  COIOPAXI. 


the  cooe  <m  all  indes.  The  hei^t  of  this  soniimt  is  nearly  20,000  £9ety  and  it  is  esti- 
mated that  the  fteiy  mate- 
rials projected  fiom  it  hare 
been  thrown  into  the  air 
nearly  3000  feet  above  the 
t<^  of  the  mountain. 

Without  dwelling  on  the 
nature  of  yolcanoes  and  their 
remarkable  phenomena,  it  is 
clear  that  such  scenery  is  of 
a  totally  difSsrent  nature  firom 
any  of  those  yarieties  hitherto 
considered.  The  Peak  of 
Teneriffe,  the  fine  cone  of 
Mount  Egmont,  and  the  lees 
considerable,  but  better 
known,  appearances  ofYe- 
>^^^W}  suvius  and  Etna,  render  it  un- 
?§^  necessary  to  saynaiore  as  to 
the  general  character  of  ydl- 
canic  mountains. 

Mount  Egmont,  however, 
is  an  example  of  what  is 
oallcd  tiu  extinct  yolcano,  (p.  179).  There  is  here,  as  in  the  active  volcano  of  Gotopasi, 
a  cuno  01  ciiulors  and  burnt  rock ;  but  the  exterior  cone  is  of  hard  lava,  and  tiiere 
aru  no  nppoarancos  of  recent  disturbance,  although  a  still  active  volcano  communicates 
M  ith  it  by  u  ridge  of  hills. 

Quo  result  of  the  peculiar  origin  of  volcanic  mountains  is  that,  generally  ^peeking, 
thoy  sliow  nn  excoodingly  smooth  shape,  and  want  that  terrace-shaped  form  which  most 
moiuitain  masses  exhibit  If,  for  example,  this  volcano  of  New  Zealand,  or  any  other 
which  exhibits  strtmgly  tho  characteristic  appearance  of  such  mountains,  is  contrasted 
with  such  nppoartuioos  as  are  seen  in  the  Alps,  and  have  been  frequently  represented  in 
those  pages,  a  markinl  difiereneo  will  bo  recognised,  and  the  smoothness  and  regulanty 
of  Uio  vuleano  will  bo  seen  to  contrast  well  with  the  grand  irregularity  and  picturesque 
roughness  of  tlie  other  kind. 

Another  point  may  bo  stated  hero  with  regard  to  these  volcanic  mountains. 
Generally  speaking  tho  oono  consists  of  ashes,  forming  waUs  which  have  been  odQten 
biuken  by  torrents  of  lava,  and  sometimes  by  hot  water  pouring  down  the  mountain 
side.  Volcanic  ashes  contain,  in  many  cases,  the  materials  which  in  course  of  time 
and  on  dt\H>mposition  become  excellent  vegetable  soil.  Thus  the  sides  of  a  volcanic 
mountain  will  be  covered  with  vegetation  when  it  is  below  the  level  of  perpetual  snow, 
except  whexo  the  ashes  have  been  newly  poured  upon  the  surfiscc.  "Wherever  an 
irruption  of  aaihes  or  a  torrent  of  lava  pours  over  tho  aide  of  the  mountain,  there  the 
TOgt'tatioii  would  bo  destrv^yovl,  and  there  will  be  absolute  barrenness ;  but  wherever 
thiNK^  ashes  or  tho  lava  have  remained  £>r  a  long  time,  and  the  rocks  have  become 
decomposed,  thw  will  be  an  exccedin^y  fertile  aoU.  Such  wide  contrabats  of  extreme 
^rtility  and  extreme  barrenness,  are  seen*  for  example,  on  Mount  Etna,  whose  sides  axe 
aUcnoAtely  rugged  and  clothed  with  vegetatkn;  while  on  the  danks  of  Veaxmns,  on 
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the  otlier  liaiid,  there  U|  in  most  parts,  littlo  relief  fbom  kunmiuss,  awing  tu  the  mpidltj 
with  which  tho  eruptions  have  succeudcd  each  odiar.  WhatcTor  hoA  grown  is  ikxin 
burnt  up  by  tho  kva,  and  tho  lava  has  not  remained  iiiffitioatly  long  to  allow  of  its 
being  dccompoaod,  and  a  Tcgotablo  soil  afterwards  formed.  Theau  uuntrasU  arc  peculiiir  to 
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voleanoea,  and  are  not  fbond  in  rocks  of  olSier  Idnda.  The  cobura  of  volcanio 
Uamw»  aUo  peculiar.  Generally  speaking,  the  nuttcrials  that  have  been  crafted  : 
thfln  «i  itf  »  4mk  or  palo  brown  coIobi^  iWMwHng  either  of  moUcn  nofc  or  aahes. 
In.  aXter  case  tb  cribar  i»  peculiv  and  foite  difEbrcnt  fttm.  tfw  oolflnr  of  ordi- 
nmf  bcmAl  The  aahcs,  wbtm  aeen  at  a  diatoyoe,  ore,  geBaaJy  wpnjna^  gray,  having 
leooMd  tiiat  tint  from  being  in  a  Tety  minute  atite  ot  mdkShnmim.;  hr  all  matter  in 
miMte  aabdivision  is  of  a  white  colrar.  Tba  volcania  mak,  "when,  in  the  fiaim  of  fine 
ash,  fJiiis  assumes  more  of  the  grayish  tint,  aod  Hiis  is  pmhsMy  xcally  tfie  seesBt  of  the 
colour  alluded  to.  The  only  places  in  Kuzope  where  volcanoea  are  in  a  state  of  activity 
arc  the  south  of  Italy  and  some  of  tho  Greek  islands.  There  arc,  besides  these,  some 
idands  off  the  coast  of  AMca,  and  the  remarkable  volcanic  i;>land  of  Iceland,  off  the 
northem  coast 

But  Europe  is  not  without  traces  of  volcanic  action,  in  many  other  and  widely 
dirtant  localities.  Thus  we  find  crater-shaped  hollows  existing  in  places  where  there  is 
no  known  yolcanio  action.  In  tho  neighbourhood  of  Cologne,  an  area  of  sixty  or 
sereniy  miles  in  length,  and  almost  as  much  in  breadth,  everywhere  affords  good 
prooft  of  volcanic  action  having  gone  on  to  a  very  great  extent.  This  volcanic  action  is 
shown  in  various  ways.     The  Siebongebirge,  or  Seven  Hills,  of  which,  the  Ihajs^i)&^& 
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If  Hi*  WWl  iMkfig^  Itti^  Iroai  tdmired  Iry^  every  oost  irbo  b^s  travdled  aloTig  tbe 
ftllliitf ;  bat  tbMC  w}u»  I^^vg  tfa^^  rircr,  and  eater  tluD  couii^,  will  tbert?  sec  vrnch.  more 
•fiildjig  ippcaifimoiiN,  rjme  of  them  I'eiBaricably  cboiael^ri^c  of  volcanic  actlQii.  Some, 
indMldf  ^  ISm  bilk  ntJiGU'  Ilia  Draeb^nfck  are  |icrh&|>s  mom  easily  seen  to  be  tho  restilt 
of  fdicvilk  iodoft  tbao  that  m ;  but  all  are  really  uonstmetixl  of  volcjamc  matciMs.  Tlicj 
Q&HnAKi  Must  of  lav&t  in  ono  fibupo  or  otli^rf  or  of  Tolcaoic  ashes.  In  some  ciLses  the  lava 
Itifflf  Ji  iwm  wheni  it  ii&A  hnrtt  through  the  sides  of  Toleanic  bUk,  and  its  eourse  maj 
tbufi  bu  trti£c*f!  very  diitin<^ly.  Some  of  the  euireut^  are  even  traeeablc  on  tbe  other 
■iiio  of  ikn  Uhimi  -,  iiud  throughout  the  whole  of  this  district  there  is  u  remfurkuble 
minitltult^r  t»f  Htrueturut  und  ono  which  evidently  pciYadeia  the  whole  district,  mErkisg 
with  I'barttoitU'litlt)  tiiuturcH  tho  exietcncc  of  thc^  voleonoi.'s.  Ou  the  left  bnnk  of  the 
Illilrie,  whittD  the  voleauoisji  are  net  so  well  known  to  travcUcr^i  although  equally  itunllinr 
to  ttan  r^i>i>b)jfbiif  tboi'ii  aru  o  titer  atriMn^  cvidcuces  of  srolcanio  action,  consi&tiiij^  even  of 
Vi3b  riMii<  riKin'M,  (Vrfcrii  u'linrtc  Hidcflkva  currents  have  been  poured  forth,  and  now  remain. 
TltnMj^iliriut  Uin  \v)iiiJi'  djMtriet  the  soil  is  made  up  of  volcamc  mh,  and  there  k  nQ 
daub  I  llu\t  the  vulcajiie  products  formerly  covered  t^e  whole  aurfacfi. 
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burnt  up  diskict),  is  pkikui^j'  iUuitTstiYG  of  tluA  state.  Tlio  following  dosoiptioii  if 
an  admirable  fiketch  of  tlio  daas  of  sooitciy  it  refers  to^  from  the  pon  of  Mr,  Hamilton  :— 
"  beginning  with  tlie  north^  on  our  exU'ome  right  wtm  the  harrcn  tenmiULtioii  of  the 
ridge  on  wMjch  wo  stood,  to  tha  weat  of  which  a  black  and  domc-shapod  hill  of  sooriEQ  and 
aslies  rose  abont  fire  himdn^  feet  a^ro  the  plain.  Thia  waa  the  Kimedcyliti  oc  Black 
Xoki^md,  iko  Yolcuno  of  Koula,  so  noor  tii&t  nono  of  ^o  cficcta  of  iti  wild  nnd  i-uggod 
obfiniet^r  were  loat,  and  bo  etoe]>,  that  to  aaccnd  its  alopo  of  cJndora  appeared  impOflaiMo, 
^^In  front  of  lu,  a  hlack  imd  rugged  stream  of  lara  DxtcndtHl  from  right  to  left,  tho 
surface  of  whidif  broken  up  into  a  thotisand  form^,  looked  like  the  breakers  of  a  Boa 
ConTortad  into  atono  amidst  the  fwtj  of  a  golo,  and  forming,  as  it  isMied  from  tbe  hasQ 
of  tJic  conCf  a  striking  contrast  with  the  rit^  pLaiii  through  whin^h  it  Heomt^d  to  Baw« 
Bejondj  to  the  nortb.-weat,  were  other  roleonie  eonea,  which,  :^om  their  Emootb  land 
cultivated.  appcaTance»  tJic  vineyarda  rcaehiiig  to  their  iiumiiiits,  must  have  belonged  to 
a  mndi  older  period.  Farther  to  tho  left  was  the  town  of  Koulu  itself,  with  its  taU 
and  graceful  minarets  riaing  aboyo  the  lava.*' 

It  would  appear,  from  hiatorieol  document,  that  the  ag^  of  thirty  centuries  la  at 
kast  duo  to  the  more  recent  eonea,  but  the  othcre^  are  much  older. 

Other  proo&  of  Yolcanic  agency  aro  not  w^aniing ;  but  the  most  atriking  and  pie^ 
turc^ne  are  those  in  wMch  the  laro,  onec:  ponmid  forth  in  a  fluid  stat^,  has  sincci  in 
eoolingf  bceome  columnar. 

This  peculiar  and  semi-crystallino  app«!aranee  ia  well  ^en  on  the  north  coaat  of 
Iieland,  and  the  opposite  bKotcs  of  Scotland  and  itis  islands.    In  these  plaeee,  the  mere 
mention  of  Gianfa  CauBoway  and  Fingal'a  Cave,  will  at  once  call  to  the  rcadcr'a  mind 
the  peculiar  featurea  of  some  of  the  moat  singular  accnery  in  our 
islands.    The  latter  DspeciaHy  ia  wortliy  of  notii^e,  for  the  extent 
to  wbieh  the  bfujalt  baa  been  acted  on  by  tito  wavea,  owiDg,  no 
doubt,  to  irregular  bardncas*     The  gri^at  caTcm  (aoo 
Cut]  is  deaci'ibed  aa  consiating  of  a  Lava-like  maas  at 
tb&  baae,  with  two  ranges  of  basaltic  columns  reisting 
oil  it  J  presenting  to  the  eye  an  appearance  of  rogularity 
almost  arohitoctural,  end  supporting  on  irregular  ceil- 
ing of  xoeks* 

The  extinet  Toltanoes  of  the  Rhine,  Central  Fmnce, 

and  Catalonia,  are  the  principal  ones  in  Europo ;  but 

they  are  not  the  only  ones.   There  are  other  parts  of  iho 

Cijntment,  which  tbe  English  artist  does  not  m  &o- 

(^ueiitly  yisit,  but  wliich  exhibit  thia  peculiftr  scenery 

exceedingly  wellj  and  sometimoa  very  strongly*    JU  an 

example,  noay  be  mendoned  semo 

SFcnery  in  the  north  of  Bohemia — 

Bcenery  that  is  partly  valcanio, 

but  that  exhibits  volcanic  hiUs 

thruat  thkougb  stratifiod  reeks, 

and  not  merely  conaii^ting  of 

oahca    heaped    on    a   plain. 

These  hUh  ore  therefore  dia- 

tinct  fcatureSj  and  they  intor- 

Tene  between  a  range  of  country  extending  along  the  south  of  Saxony  into  tha  \y&^wA.Ql 
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Bohmiia.  The  suTPOtrnding  scenery  is  of  a  totally  dififerent  nature,  and  the  pheno- 
Tn(*na  in  quoHtion  have  reference  to  the  -well-known  hot  springs  of  Toplitz,  which  are 
ftlno  the  result  of  ancient  Tolcanic  action. 

In  Transylvania,  again,  there  are  a  number  of  volcanic  districts  of  this  kind,  all  of 
thrm  well  marked,  in  which  the  volcanic  passes  into  more  distinct  porphyritic  strac- 
tun»;  and  there  are  many  districts  where  it  is  difficult  to  trace  the  direct  relation 
hetwopn  tho  two.  In  these  and  other  cases  wo  have  volcanic  results  without  volcanoca, 
and  ft-iMpiontly  the  material  accumulated  is  spread  in  largo  tabular  flat  masses  over  a 
roimtry  pn>ducing  that  peculiar  character  of  rock,  called  (from  the  Swedish  word  treppoy 
fi  Btiiir)  trap  mck.  Such  rock  is  widely  distributed  in  various  parts  of  Europe  and  Asia, 
but  most  cppocially  in  India.  A  large  district,  including  many  thousands  of  square  miles, 
in  tho  ntirth  of  the  Indian  iK»nin8ula,  is  entirely  covered  -with  rock  of  this  kind,  which 
IP  nothing  more  than  la"\Ti  i>f  ancient  date.  In  these  cases  it  is  probable  the  lava  has 
been  rniptcd  Iwlow  the  sea,  and  there  has  been  a  great  body  of  water,  spreading  this 
luvii  over  n  wide  nn\i,  and  forcing  it  to  cool  under  a  great  pressure.  The  same  tTiing 
in  ."»oon  in  oontrrtl  Franco ;  largo  bodies  of  lava  have  been  jwured  out  on  the  surface  of 
those  hills,  and  oooKhI  in  thin  plates.  This  is  the  general  character  of  basaltic  platforms, 
nml  tlio  transition  of  this  fl>rm  of  basalt  to  true  granite  is  not  very  distinctly  made  out, 
nor  is  it  wrj*  important  to  trace. 

Qnuiite.--'rho  appoaranoo  of  granite  is  now  to  be  considered.  Granitic  rocks  are 
mot  witl\.  gt^uerally  iveupying  very  distinct  positions  with  regard  to  the  limestones, 
*andston^^»  and  claj"^,  which  have  been  already  described.  Granite  most  be  con- 
jiixlervHl  as  «  cent  ml  rvvk.  f^miin*  mountain  ma*?cs  in  the  strictest .  sense  of  the 
w^ml,  a*\\l  000 upying  the  Iv^west  pl.ieo  in  point  of  geological  position — ^the  other  rocks 
rv.*5?iuj:  \ip\n\  it.  Tliero  aro,  however,  two  form*  in  which  granite  is  presented  to  us. 
0\*.x^  tv^nn  is  that  of  a  eontral  ridcv\  rv^und  whieh.  or  on  either  side  of  which,  atber  rocks 
make  iheir  apivar,\noe.  This  is  the  most  common  and  best  known  fom.  Tlie  other 
is  that  of  rvnmd\\l  majcv*.  which  arv  men?  or  loss  decomposed.  The  fint  is  a  renurk- 
aMv*  oVxa'Motorisf'e  in  alnuvst  all  mountain  distr'ots,  a~d  in  Weat  emm  tibs  gmnitc 
Is  pr\v^".\?od  :o  US  ;*s  pyrimids  or  wodgv^.  In  a  few  cises  tiHR  k  ciklei—  if  fcc 
rvvi  haviv.,:  Vvvv.  ^-.r.vTvxl  w*:h  rieloncx\  and  the  tox:i:TC  and  iHtne  at  < 
s^s<vv^i^\l  wi:>x  \:  .*.^x'  A'.:orx\l  :e  v\-rrv-<Tvr.i  :r.  sor-.o  Tr.:::aKre  widi  : 
;he  ;:r.^r.iro  \«  r-vr-x-  '.*;\\^:ior.*ly  r.rA'rvroso  a!tcTati:r.  ::d«lf;^Biiu 
e;;*:s  Kvn  f.^'wxl  ur  slowly  a;  a  b.: -h  ^^^.:TCT«^Jcv.  £rsxitt:3BT  cocfi^  as  it  ii 
H  k%v'*>^c  *?  V,*s  vvv,:r.v%v..  ir.A  vvr.r::scr.r.j  it  his  srV"::  so  Cus  it  it  , 
A-r-.tsV,  t-'  v.*  >*;;?.  A  ^rxAt  T»v.rr»\r  of  A-.r.:!*?  f.-rr.s.  I^  «eex  esjsivv  haw 
xMrv\  .^r.sl  x*r.  ;ho  sisl,-*  ot  t>\*  rMc'  vt>.ir  r.vi^^  o:!Vor.  rw*:  khmb  if  abte. 

T'\,'  «7?vA:;f,r\v  o:  ^rr^r.'.ro  itself  •<  t-^'tv  \r:'.l  5>..'-«t:  ia  acae 

iv\  -■•";*.'•':  .V.*rv:::  y-.^wnl  ,^f  :\!'  visu:  tiJbc  jlt.*  ^  ««al  port  «ff  Xa 

A-v,  *>vn  *vTy  w,"  -it*  frr;"^'-'.;  jtrj?«i«  f.'Ps      rh»  iakoIml  it  Terr  K'At,  and  is 

•v*'.^^•  ■>,  **.v>  A  *?":*';sv\  :>.*:  tr  i  T*nr  <v*cw»>u  jftt  part  jaf  ii?  ^lecfkx  itkesdrely 

*^J•v'ts;  fcN-*.>i'ji  ?,v;r;l  to  rrvT-r.'.     <•  -v  .  ovc-.'^c    -.  :>  'a'  -7;!r.cj..-vs  -.-  Vl:;*  xrisito  has 
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Always  ohitrodtciixcd  bj  thsaa  points.  la  the  first  place  tkf^  outUiM  of  tiie  rock  u  d««n 
md  Bliup,  and  ill  tJia  fiaiurei  »ro  aboq  witli  a  dear  aad  nn^uljir  «irfiMc>  Tha  laore 
lecQxalselj  iudi  rodu  am  cxamiii^  the  more  the  eT)Gmii3M  of  dean  sharp  fidftuitw^ 
{"xHfaitiiig  distinct  4iLgl«s,  may  bo  recogrdscd.  Thitro  U  no  roundlixg,  exoc^pt  wln^iro  thti 
lockA  hitYB  bf^cm  expofcd  to  friction. 

WbGre,  howeTcr,  Out  gzanitc  is,  aa  in  Iha  Si^otoh  mountaiiw,  greatly  ofiKitcd  by  tJic 
■i^on  of  tho  atmosplaero — wh:e!rc  tbo  obangas  of  tcmpomture  ore  very  eont)idci-abla  and 
rajrid! — a  cdtun  aazumst  <if  rounding  miut  nwc«aarily  telcf}  pliier^^  although  the  g'cncral 
featofCi  are  pncton^  (i»eo  onnazed  riow  of  Bon  Lomond),  ihw  roAult  of  tMt  ^ae- 
tBTTwSaaa.  oi  the  usual  appctirttiico  and  itniotorie  of  tho  rock^  is  that  all  tlio  ^Imdowa  uo 
■In  Tviy  ^larp. 

Gianites,  tbercforo,  in  dmoit  all  cases  wbjore  tbey  are  prcM^ntcd  in  largo  nmacr?,  and 
where  they  haTt»  bc«n  much  worn  and  wcathorcdT  not  only  ntford  a  dkLioot  smd  dear 
ondine  of  rmk^  but  tho  diadowa  thTOwn  are  also  distinct  and  olcor,  und  thh  h  a  point 
wbloh  ahonid  alwaya  be  attended  to  in  representing  auch  niaascsi  oa  in  ii  gouond  way 
it  may  he  aaid  that  dcdaion  of  outline  ia  the  great  chantctcT  of  grituito  Rccncry.  ThoTt> 
i%  howtnrer,  another  point  aa  to  this  aocncry  in  the  distinct  olevutiou  of  tho  pcaica. 
They  riflO  boldly  with  great  dtitudca^  and  ean  only  be  eecn  iUntinctly  in  two  waya. 
They  eanuot  be  looked  upon  to  advantage  ftom  a  near  point  aa  ia  an  ordinaiy  londacapo, 


WIATUVBEO  aE.lSIITlI   SOrKTAO, 
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and  the  ohscrvf^r  should  either  stand  near  tbo  rock  and  lode  up  to  them,  aa  ia  the  cafio 
b  some  parfe  of  tho  Mps  (aoe  view  of  the  Aignallo  de  Dm,  already  referred  to),  or  look 
at  them  from  a  very  great  distance.  The  difference  ii  conaiclerable,  and  lequirea  to 
be  attended  to.     Standing  near  and  looking  np  to  a  mpnntain,  it  ia  hwdlj  -^waMa  \^ 
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obtain  a  dear  and  corroot  view  of  its  essential  features ;  the  eye  is  not  at  all  capable  of 
afpreciating  the  altitude,  because  there  is  nothing  arailable  for  comparison.  By  the  aid 
of  the  other  senses  one  may  obtain  some  appreciation  of  the  magnitude  of  a  mountain 
mass ;  as  when  watching  a  lofty  but  too  near  mountain  side,  a  mass  of  snow  is  perceiyed 
falling  which  looks  like  a  snowball  thrown  from  the  hand ;  but,  after  a  considerable 
interval,  the  sound  of  an  ayalanche  is  heard,  and  is  known  to  be  the  direct  result  of 
what  has  been  seen ;  the  car  and  judgment  here  assisting  the  eye,  a  correct  impression 
is  obtained ;  but  this,  of  course,  cannot  be  represented  by  art.  For  this  reason  it  is,  that 
scarcely  any  attempts  that  have  been  made  to  present  yery  lofty  mountain  scenery  in 
detail,  as  seen  from  yery  near  points,  hayo  succeeded.  Mountain  masses  are  Ihus 
usually  represented  from  a  distance,  and  they  ore  best  so  represented,  for  it  is  only  then 
that  the  true  characteristics  of  the  mountain  are  appreciated.  In  standing  at  a  great 
distance,  and  looking  at  the  mountain  mass,  the  summits  will  be  clear  and  distinct ; 
the  higher  the  point,  the  clearer,  and  yet  the  fainter,  it  will  be.  There  will  be  no 
indecision  in  the  outline  of  the  mountain ;  but,  on  the  contrary,  it  will  be  a  distinct 
and  sharp  line ;  and  indeed  it  is  not  possible  for  art  to  draw  a  line  more  sharply  than 
nature  represents  distances  in  this  way.  The  clearness  and  faintness  of  the  general 
outline  is  softened  by  the  peculiarity  of  the  shadows ;  and  the  effect  is  almost  trans- 
parent, because  there  is  a  great  deal  of  mixed  light  thrown  in  the  shadows.  When  a 
shadow,  produced  by  a  considerable  mass  of  rock,  is  seen  from  a  very  great  distance, 
80  much  light  is  mixed  with  the  shadow  that  it  cannot  possibly  be  seen  dark.  The 
shadow  will  bo  as  foiut  as  it  is  possible  for  a  shadow  to  be,  and  yet  wiU  be  perfectly 
distinct,* 

In  speaking  of  the  delineation  of  granite  mountains  there  are  some  other  facts 
worthy  of  notice.  The  first  is  that  xariety  of  form  is  the  only  thing  that  can  enable 
tbifr  cxitic  to  understand  the  nature  of  the  scenery  and  the  atracture  of  the  rock ;  and 
another  point  to  be  n^ferTcd  to  is  the  peculiar  gray  tint  on  such  mountains  when  seen 
towards  the  exxAing.  Thero  is  an  effi^^t  about  this  latter  phenomenon  that  no  woids 
MA  describe,  although  the  pexicil  has  finequciitly  been  £[Nmd  able  to  dftineate  it.  There 
i«t  indix^,  awiethuiir  in  the  elR^  of  direct  snnlisiht  on  these  noantainsy  which  is  at 
Ottce  stiikiivc  <^  peculiar,  especiattr—periu^  exc-lusiTelT— m  JUfune  secnay.  On  the 
uttsleni  side  of  SwitaeiUnd,  kmkiiur  at  die  hi|^  A^  the  fonns  of  die  mountains  are 
dtstinctly  to  be  ««ii«  and  no  dcwibt  is  suiqpnted  as  to  whether  ^mhat  is  perceiyed  is  a 
mountain  or  a  cloud*  and  m  the  moimtaun  and  die  doodhare,  in  so^  cases,  as  nearly 
dbe  aame  tint  of  coKmit  as  it  ts  possible  to  imagine ;  dkcy  are  both  neazlj  pure  white, 
and  the  mountain  is  the  mon^  |:host-lft»  of  die  twix  It  is  an  derated  mnm  Gamed 
awa;^  ^\m  the  <«rth,  but  connoted  with  it. 

IV«ii^  ast"  the  fcineipal  points  ccoooetc^d  with  the  fosn  of  cramte  as  it  is  npre- 
j^nted  t^^  tt$  in  mountain  mnsiiMi.  Gnnite  is  a!bi>  iy^«««mtod  to  us  oecasHmalty  in 
Tvmnded  mfcs>o»  and  dot<wi|>iM»d  wAs,  and  is  3iniffiTncs  expttodinglTpMtareaqfne.,  There 
aiK'  iK^  many  instanow  of  this  in  FlugHnd ;  as  in  IWtmooir  and  cdo-  Cooiish  moon 
the  ^rnm;Te  is  littie  adsJ«^l  iY  «ieh  nfVKiratauoei  as  the  artist  roquircs.  Still  there 
is  a  oha^r^-^er  aKMat  it  mhich  maz^  it  as  VX^ncin^  t^^  this  kind  of  ividL  In  other 
|iaxts  «^  the  woe^d  3ecv«cxvi^  cruuTe  exhibits  ether  chsra^soissicsi.  sonsKimm  TOiy 
f(v«)i«r. 

TWeX>«hin|rof  j9iaatewi^«fijsaidTe4?f«an.^i^  There 

asy^  twvN  hin^  of  <v^x>mt^  of  frasite :  Acoasx-mslhr  ii  is  (u.^chel  £nd  Kmcenkd  by  lao- 
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tnnsqTie  irood;  but  goncrally  granito  rocks  arc  not  fayourablo  to  Tegctation,  and  ire 
haTe  many  atriking  pecnliaritiea  arising  fh)m  the  absence  of  ycgctation.  Such  rocks 
are,  in  fust,  much  more  likely  to  be  covered  with  snow  than  trees;  and  this  snow- 
coYering  is  lemaikable  in  the  mixture  of  lines  that  it  giyes ;  while  the  sweeping  form 
gtren  to  snow  by  winds  contrasts  with  the  sharp  and  distinct  shape  of  the  rocks. 

In  the  highest  and  most  ideal  consideration  of  this  part  of  the  subject,  we  must 
regard  the  granite  mountains  as  indicating  action,  being,  as  they  arc,  the  rocky  &ame- 
woric  or  skdeton  of  the  earth,  and  exhibiting  only  repose  when  their  forms  are  obscurely 
coTered  with  rocks  derived  £rom  them.  Mountains  are  thus  expressive  of  passion  and 
strength;  and  the  convulsive  throes  of  nature,  felt  in  the  earthquake  and  seen  in  the 
torrent  of  liquid  fire  that  issues  from  the  volcano,  ore  not  less  distinctly  recognised  in 
those  fax  grander  results  which  have  lifted  continents  above  the  waves  of  the  ocean, 
and  wluch  present  themselves  in  the  vast  ridges  and  peaks  of  granite  seen  in  the  Alps 
and  other  chief  mountoin  ranges  on  the  globe. 

Mountains  rising  simply  and  majestically  above  the  earth  ore  thus,  as  it  were,  the 
bones  standing  out  £rom  their  fleshy  covering.  Masses  of  rock,  of  which  a  portion  now 
lies  buried  thousands  of  feet  below  the  general,  surface,  and  which  position  the  rocks 
ihemselves  once  occupied,  are  seen  springing  up  in  vast  wedges  and  pyramids,  flinging 
awav  their  covering  of  earth,  and  starting  in  fiery  peaks  above  the  clouds,  as  they  bear 
aloft  and  exhibit  to  man  the  highest  and  the  grandest  representations  of  the  majesty  and 
the  strength  of  nature. 

It  is  thus  a  grand  principle,  that  the  mountains  of  igneous  rock  rise  up  from  under  all 
and  are  the  support  of  all.  On  their  flanks,  the  lower  but  yet  considerable  and  often 
mountain  masses  of  limestone  and  sandstone,  and  more  frequently  the  slates,  repose 
and  incline,  having  been  themselves  lifted  up,  and  therefore  forming  a  subordinate 
group.  The  life,  the  vigour,  the  energy  is  communicated  in  proportion  to  the  truth 
with  which  the  central  mass  is  delineated ;  and  if  this  truth  has  not  been  sufficiently 
studied,  and  the  picture  has  not  the  impress  of  reality  upon  it,  nothing  can  redeem 
it  from  mediocrity.  Since,  then,  here  is  the  chief  life,  to  this  also  should  the  attention  be 
mainly  directed ;  and  it  would  be  as  reasonable  to  expect  that  a  great  artist  should 
arise  who  could  paint  the  human  figure  and  human  flesh  without  a  human  being  to 
study  fiwm,  as  that  any  one  could  truly  represent  a  landscape,  in  which  mountains  are 
introduced,  without  having  first  studied  in  nature's  life-schcol,  and  made  himself  familiar 
with  the  real  as  well  as  the  conventional  forms  of  natural  objects.  Everything  is  sub- 
ordinate to  the  fundamental  form  of  the  solid  earth ;  the  form,  whatever  it  be,  is  ultimately 
dependent  on  the  elevation  that  has  been  produced,  and  this  again  has  reference  to  the 
vicinity  and  magnitude  of  crystalline  rock.  The  study,  therefore,  of  crystalline  rock,  as 
exhibited  in  mountain  scenery,  cannot  fail  to  repay  the  artist  amply  for  the  labour 
it  may  cost  him. 

Chmwel  fi^»*  Bonldezs.— We  have  now  to  consider  the  cose  of  rocks  trans- 
ported to  a  distance,  and  generally  worn  and  rolled  by  mechanical  attrition.  This 
last  portion  naturally  completes  the  whole  subject  to  which  attention  has  been  directed, 
and  it  involves  certain  considerations,  with  regard  to  matters  of  detail,  not  yet  alluded 
to.  Whatever  rocks  may  be  composed  of,  they  are  sure  to  be  covered,  after  a  time,  with 
debris,  or  fragments  of  their  own  substance  that  have  been  disintegrated,  or  broken 
upeither  by  the  action  of  the  weather,  or  by  water  entering  into  the  interstices,  until  at 
last  there  is  a  covering  of  vegetable  soil.  Wo  may  consider,  then,  that  rocks, 
whatever  they  may  be,  provided  they  have  been  exposed  a  sufficient  tixoa*  ^wiA. 
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become  covered  up,  first  of  all,  with  broken  fragments  of  ihemselyes  and  with,  yege- 
tation ;  but  it  is  also  certain  that,  in  addition  to  this,  or  before  this  has  taken  place, 
many  rocks  have  become  covered  with  fragments  removed  from  a  distance.  Such 
rocks,  of  small  size,  accumulate  to  a  great  amount,  and  are  frequently  transported  by 
water  cither  by  ordinary  currents  or  by  floods.  In  this  way  also  are  sometimes  carried 
away  larger  blocks,  which  are  afterwards  deposited  on  the  sea  coasts,  or  at  the  sea  bottom. 
This  rolling  of  blocks  of  stone,  from  high  mountains  to  a  considerable  distance,  neces- 
sarily produces  considerable  effect  on  the  edges  of  the  rocks,  and  sometimes  their  edges 
are  very  much  rounded;  but  this  of  course  depends  on  the  hardness  of  the  rocks,  and 
the  facility  with  which  it  splits.  Sometimes,  instead  of  being  rounded,  the  rock  will 
be  broken  and  jagged,  and  these  are  changes  affected  by  peculiar  and  local  circum- 
stances. The  different  blocks  accumulating  at  the  bottom  of  the  moimtain  form  a 
sort  of  connecting  link  which  unites  the  plains  with  the  mountains.  Such  slqpes  are 
thus  gradual  ascents  from  the  plain  to  the  mountains,  produced  by  a  peculiar  form  of 
the  mountains  and  the  mode  of  its  elevation,  but  consisting  of  material  deposited  after- 
wards. Hills,  or  low  elevations  of  material  deposited  in  the  plains,  do  not  arise  from  the 
plains,  and  always  show  this  in  their  itlation  with  the  scenery.  This  grand  distinction 
should  be  borne  in  mind,  not  only  by  the  artist  but  by  every  person  who  interests 
himself  with  matters  connected  with  art.  It  is  important  to  remind  the  reader  once 
more,  that  there  are  in  this  way  two  distinct  classes  of  rocks,  one  class  arising  from 
beneath  others,  and  forcuig  them  up ;  the  other  class  deposited  on  other  rocks,  and 
being  mere  heaps  which  rest  upon  them,  and  that  these  produce  a  considerable  differ- 
ence in  picturesque  effect.  Mountains  that  rise  from  plains  are  generally  jagged,  sharp, 
and  angular;  they  exhibit  the  appearance  of  life;  whereas  those  hills  that  are 
merely  formed  by  deposits  resting  on  the  surface  are  generally  heavy,  and  do  not  add 
so  much  to  the  picturesque  effect.  The  use  of  these  hiUs  may  be  considered  to  be  rather 
with  reference  to  the  clothing  of  vegetation ;  the  mountains  are  often  most  picturesque 
when  they  arise  ^vithout  any  vegetation  at  all;  but  the  hills  are  picturesque  when 
they  are  covered  with  trees.  "We  have  then  the  scenery  connected  with  boulders  and 
gravel,  connected  with  the  hiU  scenery,  because  the  hills  are  generally  thus  composed, 
and  the  characteristic  of  this  scenery  will  be  softness  of  outline.  This  almost  necessarily 
belongs  to  the  way  in  which  the  rocks  have  been  formed. 

Chazactezisilcs  of  Hills.— If,  then,  an  outline  is  hard,  it  must  be  so  for  some 
good  reasons.  There  must  be  large  masses  of  rock,  or  mountain  masses  arising  out  of 
Sie  surface.  But  these  mountain  masses  do  not  depend  on  their  height.  They  are 
seen  as  well  when  at  a  moderate  as  at  an  extreme  height;  there  being,  however,  an 
apparent  exception  in  the  case  of  volcanoes,  which  sometimes  rise  from  benoath  the  sur- 
fecc  of  the  earth,  and  are  not  entirely  formed  of  ashes  poured  upon  the  surface.  A 
few  examples  will  show  this.  A  mountain  chain  exists  in  "Wales ;  there  are  hiDs  ia 
Switzerland  higher  than  the  highest  mountains  in  "Wales,  but  thoy  are  not  therefore 
mountains,  nor  are  those  in  Wales  hills.  In  the  strict  sense  of  the  words,  hills,  con- 
sisting of  isolated  groups  of  boulders  and  gravel,  belong  to  the  subject  of  foreground; 
and  the  grand  distinction  between  foreground  and  background,  in  principle,  is  that  of 
hill  and  moimtain.  Hills,  then,  belong  strictly  to  foreground,  provided  that  the  object 
of  the  picture  has  reference  to  the  general  structure,  and  not  to  any  particular  details. 
It  will  necessarily  be  the  case  that,  where  the  object  of  the  picture  is  to  present  details, 
the  foreground  may  be  any  part  of  the  hill,  country,  or  plains ;  but,  where  the  picture 
is  intended  to  be  comprehensive,  and  represent  nature  on  a  large  scale»  a  background  is 
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required  caonocted  with  motmtainons  and  not  hiSy  features.  Tho  backgronnd  doter- 
mines  the  character  of  the  picture,  which  the  fbreground  modifies.  In  the  latter  case 
there  is  no  sharpness  of  edge,  although  hy  tho  mode  of  wearing  there  is  proof  of  con- 
siderable hardness.  There  is,  however,  great  diffcronco  between  this  want  of  shaip- 
ness  on  the  edge  of  the  rocks,  and  want  of  hardness  in  substance,  and  this  cfffect  is 
produced  by  an  artist  when  ho  understands  what  ho  is  about,  but  is  liable  to  bo  lost  if 
some  attention  is  not  paid  to  the  rock  and  its  structiu'e.  "With  regard  to  transported 
rocks,  local  circumstances  will  Tcry  often  explain  the  peculiarity  of  their  appearance. 
The  Logan  stone  in  Cornwall,  and  the  Gray  wethers  on  Salisbury  Common,  are  very 
good  examples  of  this  peculiar  structure,  and  of  tho  effect  of  rocks  which  have  been 
removed  to  a  distance,  and  which  thus  contrast  very  much  with  tho  general  struc- 
ture of  the  country  in  the  neighbourhood. 

Weathering  of  Rocks.— In  consequence  of  the  distance  to  which  the  rocks 
have  been  removed,  and  the  diffferenco  of  structure  that  they  exhibit  when  placed  in 
their  new  position,  we  very  often  have  contrasts  of  colour,  and  in  the  nature  of  vege- 
tation. Thus,  if  a  block,  or  group  of  blocks  of  granite,  is  removed  from  a  distance 
into  a  soil  capable  of  growing  plants,  or  if  sandstone  rocks  ore  removed  to  a  distance 
into  a  chalk  or  clay  district,  there  is  not  only  a  considerable  contrast,  but,  if  such 
rocks  be  capable  of  disintegration,  and  of  mixing  with  tho  soil,  they  produce  a  rich 
harvest  of  plants ;  but  if  this  be  not  the  case,  cither  the  transported  or  local  rock  may 
be  covered  by  vegetation,  whilo  tho  other  is  barren.  This  is  especially  manifest  in  the 
ease  of  the  gray  wethers  in  Salisbury  Plain,  already  mentioned;  for  hero  the  plains 
themselves  are  formed,  for  tho  most  part,  of  chalk,  and  are  covered  with  vegetation ; 
but  upon  them  are  strewed  hard  masses  of  sand  which  do  not  disintegrate,  and  there- 
fore do  not  allow  of  a  growth  of  plants  upon  them.  The  result  is  tho  strongest  con- 
trast in  colour  and  general  appearance.  The  rocks  are  very  much  weathered,  but  still 
they  do  not  barmoniso  entirely  with  the  surrounding  scenery ;  they  form  a  contrast, 
and  add  in  this  way  to  tho  picturesque  effect.  Something  of  the  same  kind  is  seen  at 
the  back  of  the  Isle  of  ^ght,  where,  in  consequence  of  the  irregular  action  of  the  sea 
and  the  mixed  structure  of  the  cliffs,  there  is  a  considerable  amoimt  of  wearing,  and  tho 
rocks  arc  constantly  renewed. 

There  is  often  a  good  deal  of  interest  in  observing  tho  condition  of  rocks  in  water, 
and  the  way  in  which  rocks,  removed  by  water,  make  their  appearances.  Such  rocks 
are  generally  rounded  and  affected  by  the  action  of  the  water  in  a  different  way  ftx)m 
those  which  are  constantly  rolled  on  one  another ;  for,  in  tlio  latter  case,  their  form  is 
more  completely  rounded  than  when  they  arc  brought  to  a  stand-still  at  any  particular 
point,  and  water  is  rushing  past  them.  There  are  many  instances  in  "Wales  where 
rocks  have  been  brought  down  by  water,  until  at  last  the  moimtain  torrent  widens  out, 
and,  when  checked  in  its  progress,  deposits  a  very  considerable  part  of  its  load.  Rocks 
are  thus  accumulated  in  particular  places,  and  when  once  there  are  seldom  removed, 
particularly  the  larger  ones,  because  it  seldom  happens  that  the  current  comes  with 
sufficient  force  to  set  them  in  motion.  The  bed  of  a  torrent  may  thus  bo  choked  up 
with  large  blocks,  which  then  become  acted  on  by  water  in  a  different  way  from 


Oxayness.— There  are  some  interesting  effects  of  light,  with  regard  to  fore- 
grounds, which  it  is  worth  while  next  to  notice.  Amongst  them  is  the  want  of 
grayness.  Grencrally  speaking,  tho  further  an  object  is  from  an  observer,  tho  more 
gray  the  light  and  tints  will  necessarily  appear,  because  the  effect  oi  ^w^ycia^^  Sa  "^kj- 
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AnrM  hy  iho  p«Mflge  of  light  through  a  large  quantitj  of  air.  The  result  la,  that 
alth/jfj^h  thn  ('/>lotir  of  an  ohjoct  majr  be  quite  as  yirid  or  more  viyid  in  the  distuice  it 
will  liaro  a  difTm'ont  tone  of  cobur  from  a  portion  of  the  same  object  in  the  Ticinitj. 
't\w  t^ay  may  bo  an  bright  at  a  distance  as  when  near,  bat  that  part  of  the  object 
wlil/ih  is  ficnr  will  ])o  much  less  gray  than  at  a  distance.  This  is  necessarily  the  rc^t 
of  thft  IttWK  that  govern  light,  and  may  be  noticed  by  any  one  with  respect  to  natural 
obJrTt*!.  Tlio  grnynow  of  cifoct  is  a  point  frequcntJy  attended  to  by  artists  without 
tlioir  knowing  thn  rctason ;  but  it  is  a  point  that  is  much  better  acted  upon,  if  it  be  under- 
utotwl,  tlmn  if  nicroly  performed  by  rule,  without  being  thought  of. 

▼•g«iAiion«— When  wo  consider  the  effects  produced  by  close  observance  of 
Nittiirn  in  thin  way,  wo  shall  often  find  many  curious  results  of  vegetation  which  at 
flt'nt  tulght  not  ])ro«ont  tlK^msolvos.  There  is,  for  example,  a  very  distinct  reference  to 
th(i  ntrtKittiro  of  rocks  in  the  kind  of  vegetation  natural  to  them.  Thus  certain  kinds 
of  tiH'pw,  in  our  own  rotintry,  generally  grow  best  on  particular  kinds  of  soil.  At  first 
thiit  nilKht  uroni  to  bu  an  observation  merely  interesting  for  the  agriculturist,  but  it 
ought  xuti  to  bo  ncglcrtod  by  the  artist.  If  an  artist  wished  to  represent  a  scene,  in 
whioh  n  gn^nt  nniuunt  of  sand  and  sandstone  prevailed,  and  desired  to  exhibit  this  in 
i\w  «\oiit  ptn'frot  mnnnor,  but  wore  to  place  on  each  rock  groups  of  trees  which  gene- 
rttUy  lU'o  <M»uHniHl  to  a  difJbrcnt  soil,  he  would  produce  a  mixture  of  structure  and 
Vi»g«»ttttlon  whloh.  alUiough  it  might  not  strike  the  observer  at  first,  would  yet  ulti- 
mntoly  bo  fo\u\d  to  iujim^  the  picture,  and  interfere  with  its  general  effect  in  a  manner 
whloh  wowld  outin»ly  provout  its  ranking  in  the  first  class.  This  is  a  point  well  worthy 
of  m»tlois  ttltho\igh  rawly  nctinl  uinm  by  artists,  and  certainly  not  recognised  by  any  of 
tl\o  oUl  iun!«tt>r!».  (»ouoiully  »i)eaking,  there  is  in  Nature  a  harmony  between  the  khids 
<4  hH'k  AUil  tho  kind  of  triH'9  that  grow  upon  them ;  this  is  the  cose  in  all  countries 
i\ud  in  tiU  vUnuito!««  Tn  Ki\gland  wo  find  tho  oak  and  such  like  trees  chiefly  growing 
im  ^'Inyx'y  tx^nmnoUv^  »o\K  and  not  on  Ukv^o  sand ;  and  thus  a  landscape,  with  a  group 
of  tltto  \>Ak:«i  itt  which  tho  »tylo  of  nnk  and  its  colouring  should  give  the  idea  of 
Uhuh>  miu\U  >kouM  Ih'  )mtnio  and  unnatural.  So  again,  if  we  wish  to  represent  firs 
auU  K\H\Uv»  it  wouU  bo  ju*t  a«  impn^pcr  ti>  represent  tho  soil  and  rock  as  a  day ;  since, 
in  fiiot*  th\v^^  ar<^  t*tv»  which  gn^w  Wt  on  sand,  and  when  growing  on  rocks  of  another 
Wiuvl  thoy  Y^ouKi  |x¥\^ba\xly  K^  »txmted  and  unhealthy,  and  therefore  should  not  be  repre- 
**^ut^xt  at  *\lv  IV  im|HMiant  |Hnut*  however,  to  K>  observed  is,  that  if  such  trees  are 
iut4\Ht\UHst  they  •hvmUl  W  *^^  with  strict  n^K^renee  to  the  structure  of  the  country. 

C%lliolu«iM% — HoKvre  alh>ie\'tKer  ^uittin^  thi^s  part  of  our  subject— in  which  an 
<^ttsl>^Yv^vu  h**  K^^tt  ttMiU\^  t\*  brinift  f vward,  as  an  appUciUon  of  natural  science,  the 
v^^4vHf^*tv^^  sMT  wany  *ubj<\'l*  tt^>t  hithertv*  thvHi^t  very  imp^wtmt  in  the  education  of 
A^  Art wt*  e*^  At  W**l  «K»«  dire^'tty^  bearing  oa  the  pwutiee  of  ht$  art— it  may  be  wdl to 
4i4i( «  1^^«  >ik\^v>l»  ^N>«Kvrti(c^r  the  i^Njur  th^t  ^v^om^  vK>(h  a:;tbts  ard  eriti^}  matj  entertain, 
Kijti  ti^o  ^^ilUrt^  e«i^tt^*rv4  by  acvura^?  kuowled^  of  rjinare  mar  t^^  and  die^ 
tW  ¥^*^*^P<*  ^^^^  ^^  \»M^:i««rt^^«w  a»sl  4'puriw  tite  artb?  ot'hi*  Akf  ms^£rat»Mu  by  lemoTing 
tW,"*  ^*»w  **^  ^v^»  wa|*v*».«jj  v>f  tW  hotttt,  aasl  tvfiacwu:  th«a  ocly  by  the  feeUe 
|](^^ii^^  v^v^^  ^lt^;»l^^  sHJtl^ui^  a(^4>x'Mfrf>l  by  tV  iatelkvt.  W^  are  oftna  told  thai  mmk 
s^if  ^V  N.'*"^!:^  v^"  ^Nfct  >•^Hrfct  v^'  art*  ist  ovvry  ^fejiKtaaimt.  arv^  fev«i  tbe  ^Sa  olMcaiity 
%  Vw^  ^^%<i^f«Uj<J^'«  w^  0^*^  aa^  ^w«^  e»$^«kv  ti^  :fiuJbA.^wy  laii  «sr«al  ILwbs.  Suc^ 
*yW^  V*  b!^w*<««^  W&^xvnL  a*  wvU  «»  ^^»s?J^He«*ly  «uvl;  sad  asm  of  $«Bxas,  whose 
^WfcfekHXsv  W  Jlk>i>frwiE^  $w*fc.^vxr  4»^rvv4*^i^  ^  i  i5  b  ^^ir^niiMe  »^jw  c^tn.  probable  that 
AWM^  «^'  iIm^  fv«4HNt  sMt  t^  ascicW  «Miy  tiymk  vc^  «Miy  W  hM^nftur  tiibL  tisafi  %wn]ice 
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of  natural  things  is  the  chief  source  of  our  admiration  and  feeling  of  the  sublime.  To 
this,  hoverer,  it  may  be  replied,  that  the  true  feeling  of  that  which  is  great  is  but  a 
reflection  of  the  feeling  of  infinity  which  every  study  of  Nature  encourages  and  renders 
more  powenul. 

We  may,  however,  safely  and  wisely  appeal  to  other  forms  in  which  genius  has 
shown  itself;  to  the  poet  whose  name  is  huided  down  from  generation  to  generation 
with  increasing  love  and  admiration  and  worship,  or  to  the  great  masters  of  music,  who 
in  a  language  that  may  be  called  imivcrsal  have  immortalised  sounds  which  have  a 
deep  response  in  every  human  breast.  Works  of  genius  of  all  kinds  are  indeed,  and 
always  have  been,  and  will  be,  admired  and  loved  in  proportion  as  they  are  clearly  felt 
to  bo  true  in  reference  to  human  thought  and  human  experience.  It  is  not  less  exalting 
to  the  imagination  that  we  now  look,  in  the  truth  of  astronomical  science,  to  distant  and 
imnumbered  worlds — known  only  by  the  telescope — commimicating  to  us  no  light  and 
no  heat— connected  by  no  tie  but  that  great  law  which  pervades  all  matter — ^it  is  no  less 
afibcting  to  the  imagination  that  we  can  measure  the  vast  orb  of  the  sun,  and  tcU  the 
history  of  distant  worlds  belonging  to  our  system,  but  whose  very  existence  the  dry 
pursuit  of  mathematical  science  first  teaches  us— than  it  was  when  in  the  days  of 
ignorance  men  in  their  fancy  and  imagination  saw  the  planets  and  the  stars  nailed  to 
their  celestial  vault,  and  when  the  ideas  of  men  on  such  subjects  wore  limited  by  tho 
narrow  boundaries  of  their  actual  knowledge,  and  shut  in  by  the  absence  of  truth. 
Surely  if  astronomy  has  gained,  as  a  noble  and  elevating  pursuit,  by  the  discovery  of 
truth,  even  in*  spite  of  authority,  the  appreciation  of  other  sciences  will  not  be  less 
benefited  by  being  taken  out  of  the  way  of  error,  and  by  the  wide  distribution  of  soimd 
faiowledgc,  which  at  once  feeds  and  chastens  the  imagination,  and  conducts  it  in  the  right 
direction.  There  cannot  be  a  question  that  the  most  solemn  and  imposing  ideas  are  those 
which  are  founded  on  knowledge  and  not  on  ignorance— on  truth  and  not  on  falsehood. 

No  doubt  it  is  the  case  that  a  mere  study  of  detail  may  tame  and  injure  the  ima- 
gination in  whatever  department  this  study  may  direct  itself.  But  in  the  information 
here  given  it  has  been  the  object  to  connect  a  knowledge  of  facts  with  the  great  general 
laws  of  nature  to  which  they  were  related.  Tho  search  after  this  higher  order  of  truth 
is  the  real  antidote  to  the  danger  incurred  by  the  mere  minute  observer  of  facts. 
As  we  advance  in  knowledge,  we  thus  rise,  as  it  were,  to  greater  elevations,  and  obtain 
not  only  a  more  distant  view,  owing  to  our  better  position,  but  a  clearer  and  more 
transparent  medium  in  which  to  observe  these  distant  objects.  Toiling  step  by  step  as 
we  advance  onwards— mechanical  and  fatiguing  as  our  progress  may  be,  and  often  must 
be — still  in  this  search  after  lofty,  general  and  distant  truth,  we  strengthen  the  intd- 
lectuai  powers,  augmenting  not  only  the  number  of  our  ideas,  but  the  means  of 
generalising  and  rendering  more  truly  available  those  already  possessed. 

There  is,  however,  another,  and  hardly  a  less  important  or  interesting  view,  that  may 
be  taken  of  this  great  subject.  The  minute  study  of  Nature,  combined  with  a  know- 
ledge of  general  laws,  involves  an  actual  contact  with  Nature  herself,  in  her  freedom, 
simplicity,  and  grandeur,  and  induces  impressions  derived  from  the  idea  of  order 
and  law,  exercising  a  soothing  and  calming  influence  on  the  mind,  and  well  fitting  it 
for  those  noble  exertions  which  we  regard  as  inspiration,  because  we  feel  that  they 
exhibit  creative  energy. 

"  It  may  indeed  seem  a  rash  attempt  to  endeavour  to  analyse  into  its  elements  the 
enchantment  which  the  great  scenes  of  Nature  thus  exert  over  our  minds,  for  this  effect 
depends  especially  on  the  combination  and  unity  of  the  various  emotions  and  ideoa 


/ 


190  IMITATION  BEQUIftED  TO  BE  STRICTLY  ACCUBATE. 

excited ;  but  if  we  would  trace  this  power  to  its  source,  we  must  take  a  near  and  dis- 
criminating view  of  individual  forms  and  variously  acting  farces.  The  aspect  of 
oxtomal  nature,  when  thus  contemplated  thoughtfully,  is  that  of  unity  in  diversity, 
and  of  connection,  resemblance  and  order  among  all  created  things,  however  HigaiTnilflr 
in  form." 

It  is  this  unity  in  diversity,  however,  which  renders  the  minute  study  of  Nature  so 
essential  to  him  who  would  produce  such  a  representation  of  Nature  as  shall  itself  be 
suggestive,  and  be  worthy  of  the  name  of  art.    And  here  again  it  is  evident  that  truth 
in  representation  is  a  sacred  duty  and  an  inevitable  necessity  to  the  artist  who  deli- 
neates natural  objects  of  whatever  kind.    To  be  true  to  himself— to  be  other  than 
essentially  fake,  ho  must  be  a  student  and  an  imitator  of  Nature.    In  the  sublime 
idealizations  of  RaffaeUe,  it  is  well  known  that  he  has  falsified  the  position  of  no  one 
anatomical  detail  in  the  human  countenance.     In  the  drawings  of  Michael  Angelo  it  is 
nowhere  found  that  a  muscle  is  added  to  or  taken  &om  the  fair  symmetry  of  the  human 
frame.     Does  RaffaeUe,   in  expressing  celestial  sweetness  and  softness,  diminish  the 
angularity  of  the  male  form,  or,  to  give  energy  to  a  female  fece,  represent  an  outline  which 
is  not  truly  characteristic  of  the  sex  ?  And  ought  the  landscape-artist  to  venture  to  alter 
the  colour — the  form  or  the  drapery  which  Nature  has  herself  selected  to  appear  in  to 
human  eyes.   Can  he  with  impimity  modify  and  soften  where  she  is  rugged  and  stem — 
or  -will  he,  in  order  to  give  a  false  and  paltry  impression,  produce  an  angle  where  she 
has  left  a  curve  ?    It  is  true  that  many  have  done  all  this,  and  have  even  passed  unde-    I 
tected  by  the  critic ;  they  have  succeeded  for  a  time  in  attracting  the  eye  and  charming   i 
the  senses.    The  clever  artist  may  obtain  credit  for  boldness,  and  may  think  it  a  great   , 
thing  to  have  originated  a  peculiarity  ;  but  aU  this  is  done  in  the  absolute  certainty  of   | 
being  one  day  exposed  and  slighted,  and  one  inevitable  result  will  follow, — ^the  verdict  of   \ 
posterity,  and  the  general  voice  of  reason,  taste,  and  common  sense  wiU  be  given,  and  the   I 
pictures  and  artist  will  be  alike  neglected.  Men  soon  learn  that  truth  is  better  than  false- 
hood; and  permanent  admiration  never  has  been,  and  never  will  be,  based  upon  a  lie.      | 

What  then,  it  may  be  asked,  is  this  truth  that  is  so  much  vaunted  ?  Is  it  a  mere  i 
mechanical  reprint  of  nature — is  it  a  daguerreotype  of  some  particular  scene — does  it 
dijScr  from  a  copy,  and  does  it  demand  no  effort  of  the  imagination  ?  By  no  means  ia 
this  the  case.  The  imitation  of  nature  that  ought  to  be  inculcated,  is  one  of  a  kind  that 
no  mechanical  effort  can  approach ;  for  the  genius  of  man — ^that  spark  of  the  divine 
nature — is  needed  for  its  perfect  exercise. 

It  is  necessary  to  study  minutely  all  that  is  true  and  real,  to  imitate  closely  all  that 
is  lovely  and  grand,  to  know  what  harmony  consists  in,  and  how  beauty  and  grandeur 
are  produced.  The  senses  only  partially  comprehend,  and  the  uneducated  intellect  only 
half  reflects  on  all  that  is  influential  in  producing  those  impressions  of  the  beantiful, 
which  are  really  worthy  of  being  transmitted  to  the  canvas.  A  landscape,  however 
truly  picturesque,  must  be  properly  seen  before  it  is  appreciated:  Nature  is  not  seen 
only  by  the  eye ;  she  is  not  appreciated  by  the  mere  passing  traveller,  intent  on  matters 
of  another  kind— observation,  taste,  feeling,  intellect  and  genius,  all  lend  their  colouring, 
and  all  help  to  render  nature  beautifiil.  The  true  artist  is  himself  always  true — true 
to  art  and  true  to  nature — ^both  external  and  internal ;  he  is  earnest,  thoughtfiil,  and 
reflective — ^for  if  he  study  nature  he  cannot  be  otherwise ;  he  imitates,  for  he  describes; 
but  ho  throws  a  rich  and  warm  glow  over  his  description,  and  gives  vitality  and  ezist- 
enoe  even  to  that  which  is  itself  inanimate  and  accidental — for  the  sparkling  light  of 
his  ^^enius  shines  over  aU,  and  whatever  he  touches  bums  with  living  fire. 
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Tmitttinn,  ikm^  of  tiiia  Iditd  ii  not  a  mere  mechanical  art—and  a  pioturey  to  deaenre 
the  name,  muat  be  aomething  more  tlian  a  permanent  reflection.  It  muat  ezprcsa 
tlunic^  and  &eling^  and  knowledge ;  and  to  be  useful  it  must  tcaoh  others  also  to  feel 
and  to  know.  It  is  no  detraction  from  the  merit  due  to  a  work  of  art  to  sa j  that  it 
excites  proper  feeling  and  teaches  useful  knowledge.  On  the  other  hand,  there  is  no 
evil  so  great  and  so  much  to  be  lamented  as  that  which  is  sauotifled,  as  it  were,  by 
having  the  halo  of  genius  spread  around  it;  nor  is  there  any  ignorance  so  mischieyous 
as  that  which  induces  the  greatest  and  the  moat  popular  teachers  to  teach  fialsely  and 
neglect  truth  as  a  thing  of  small  import 

AOttlCULTURAL  GEOLOGY. 

Vataxa  aAd  Oxis^  <^  Soil*.— Enough  has  been  already  said  on  this  subject  to 
gire  the  reader  an  idea  of  the  real  state  of  the  cose,  since  aU  soils  may  be  regarded  as 
formed  originally  from  the  disintegration  or  decomposition  of  rocks.  The  former 
is  a  mechanical  cause,  connected  with  the  atmosphere,  and  resulting  &om  the  alter- 
Tiati<y"«  of  dryness  and  moisture,  and  of  heat  and  cold  incessantly  going  on.  Tho 
growth  and  decay  of  vegetation  is  another  important  agent,  tolling  in  the  same  diroc-  i 
tion,  as  no  soil  is  available  for  useful  plants,  and  those  requiring  cultivation,  without  | 
something  more  than  the  ordinary  constitucntd  of  rocks.  | 

Climate,  again,  exercises  a  marked  iniiuence — first  tending  to  break  up  aU  hard  sub-    . 
stances  exposed  to  its  action ;  while  the  torrents  that  fall  from  the  clouds,  and  aflerwaids 
rash  over  the  earth's  surface,  in  tropical  countries,  arc  scarcely  less  influential  in    ; 
grinding  down  to  powder  and  removing  surface  accumulations  of  any  kind.    In  tcm- 
countries  like  our  own ,  tho  frequent  alternations  of  the  temperature  within  a  few    . 
above  and  below  the  point  at  wliicli  water  possesses   the  smallest  volume, 
(about  38**  Fahr.),  is  another  fruitful  cause  of  dostniction,  by  the  alU^mate  expansion 
and  contraction  of   water  in  tho  crevices  of  surface  deposit;^,  and  the  consequent 
splitting  up  and  breaking  off  tho  outer  weathered  coat  of  rock. 

Deoomposition  is  produced  in  rocks  paiHy  by  oxidation  or  exposure,  and  partly  by 
the  infiltration  of  water  containing  acid  or  alkaline  substances  in  solution.  Both  causes 
greatly  aasist  tho  disintegration  already  alluded  to ;  but  rocks  are  very  differently 
iSoGtedj — ^the  weathering  sometimes  extending  downwards  twenty  or  thirty  feet,  or 
more,  beneath  the  surface,  and  sometimes  hardly  visible.  In  all  cases,  however,  where 
valuable  soil  is  found,  there  is  a  considerable  admixture  of  the  surface  rock  with 
ma^oriftl  conveyed  from  a  distance,  and  with  humus  and  fnouldy  the  brown  permeable 
sabatanoes  produced  by  the  decay  of  woody  flbre,  which  not  only  yield  dried  nourish- 
aent,  but  act  indirectly,  in  a  very  important  way,  to  render  soils  more  generally  useful 
than  tibey  would  otherwise  bo. 

Besides  the  soil,  the  subsoil  exercises  considerable  influence  on  the  vegetation  of  a 
distcict,  and  is  often  yet  more  nearly  derived  from  the  underlying  rock.  By  mixing 
these  two  mineral  substances  together,  the  value  of  the  former  is  often  greatly  increased ; 
and  by  taking  advantage  of  tho  condition  and  nature  of  tho  latter,  tho  mechanical 
operatiea  of  draining  is  often  greatly  simplifled. 

It  will  be  evident  that,  in  a  general  way,  a  chemical  investigation  of  any  soil  will 
be  more  Taluable  than  any  mere  account  of  its  geological  position.  While,  however, 
ia  an  unknown  district,  the  age  of  a  rock  affords  no  valuable  information  for  practical 
poiposfls,  ihia  is  not  the  case  where  mineral  substances  of  the  same  kind  are  usually 
met  with  in  geological  relation  to  each  other.    Thus,  in  England,  the  super-position  q£ 
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rocks,  and  their  general  suocession,  being  well  known,  the  presence  of  a  particnlar  kind 
of  sandstone  renders  it  probable  that  rich  marls  are  near,  while  another  kind  of  sand- 
stone,—little  different,  it  may  be,  in  some  respects,— is  yet  indicative  of  magnesian  salts ; 
and  another  is  likely  to  be  associated  only  with  tough  clays  and  coal.  These  yarions 
associations,  on  which  this  subsoil  mainly  depends,  seriously  afifect  the  value  of  land, 
and  thus  it  becomes  not  unly  desirable  but  necessary  that  the  fiirmer — to  say  nothing 
of  the  land-agent  and  valuer — should  know  something  of  what  is  likely  to  exist  beneath 
the  sur&cc,  and  be  able  to  judge  of  the  subsoil  and  rock  by  the  appearance  and  known 
geological  position  of  what  comes  to  the  surface. 

So  again,  whilst  a  knowledge  of  the  mineral  character  of  a  rock,  and  its  value  for 
special  purposes,  requires  that  the  chemist  and  the  mineralogist  should  be  referred  to, 
there  will  arise  questions  of  great  practical  importance,  as  to  whether  any  quantity  of 
such  mineral  as  rock  exists  near  at  hand,  and  can  be  readily  and  cheaply  obtained.  In 
the  case  of  limestone,  these  matters  are  of  vital  importance,  and  they  involve  considerBp 
tions  strictly  geological.  In  an  oolitic  district,  one  piece  of  stone  might  lead  to  the 
knowledge  of  a  bod  being  near;  whereas  in  gravel  the  presence  of  the  minenl  woTildbe 
merely  accidental.  In  a  district  in  which  the  rocks  are  not  generally  hig^y  inclined,  or 
much  broken  and  fractured,  it  might  be  at  once  determined  that  a  bed  of  limestone  found 
was  prv>bAbly  wurkable ;  wheivas,  under  odicr  circumstancest,  perfectly  understood  and 
not  unc<>mmon,  it  might,  on  the  contxarr,  be  highly  imptobaUe  that  soch  a  bed,  though 
found,  could  be  worked  to  permanent  advantage.  Instances  of  this  kind  might  be 
multiplied  indefinitely^  but  it  is  unnecessary  to  do  so.  The  oardinary  and  well-known 
c^nditMUs  and  varieties  cf  stratified  and  unstratificd  rocks  are  sufficiently  understood,  and 
in  Ute  prtcedic^er  p^s^"^  ^^^^^  ^^  suiScienthr  devdcped  to  cnaUe  the  reader  to  compre- 
hend tho  gesoral  prtnciclcs^ — the  appHcaticn  of  which  to  practice  is  so  vahiaUe  to  the 
^imter  and  lan\l-a^cnt. 

In  adiit:<>cr  ^>  the  Kiir:n|r  of  scoK  and  die  adrutta^.  jxa^sr  certain  eircmnstances,  of 
dvvp  i^x^i^tiur  tvvr  this  purpoise.  thcr^  ar«  naany  pc«ats«  in  die  peaetieal  tzcatment  of  land, 
whtch  «imit  <if  the  a;[>|wkativv!i  cf  p(vJo$kai  knowkdij^  Huts,  whoe  drainage  is 
iv^uiKNl  it  cAn  h^nlN'  K^  planE^ed  with  prvfriecr  withewt  sane  neieience  to  the  nnder- 
lyis;^  u^idcriAl.  xztd  tht^  pcisitsc^ii  in  whkh  it  <xis&s.  1^  diaiaace  aitat  lands,  and 
UiMKs  t»ar  titi^  swl  with  Httle  £ft£L  bet  <<KH8|:h  ts*  pco%h»»  a  cflnett  of  waaer  ^iien  Acre 
r«:  :^>  v'^s»k4c.  txx'l^i^  \\ae  pv^::^  oi  <«;£ics  tibas  iv«(qkk'  oaaattiasaaB.  Tbe  drainage  of 
^^aENs^  v^-cr  t^.*r^  tt$  jooK  £uL  K:t  w^d^  kvial  pec^sEsriixs  ctxaeetKii  wi:h.  the  ium  of 
tK-*  Its^i  alk>w  w^tier  tv>  V  t«cai»M.  5x«as  ai&^ti^ 
;Skcy^  IS  s^dl^ct^ttt  iKfill  <a»d  wktfl^  ^««  a;^f«nr  fi»  ro^ 
c;f  >v«;^^  htt  wbiKVy.  iXigw  riifeftM&^L:^^  tint  ^*tB&£  <&>»  jMt  cbiifcxdL  aa^  piwenta  die 

JLII«will  S«£L— CVwMKtK^  wsdi  ^u$  fisr^  v*^  tlbt  se^^ks  i&ftT  W  mmHaned  the 
*na$if  vif  ;{«»iSb  Jk^^viiJIifti  as  ^W  iw<ts3k$  WT  trcvs^  ^isi  ^iracai^  sBzs^  df  al^  nr&est  had, 
pHtttOL^  w»dMa»^  Iw'^irie^  ^ae  «fta.  IV  «x»i  ^ns  >cvq^9es  ^rma  br  iciKii^  water, 
ai!M  X^  M»M  wVt^  ^  <tc:?«s£t  >(£  ^  se«iaL  i^  ^cis^:^^  :x$  «iZi0£  aAonuk.  to  distiB- 
rt^$^  ^  ^i^vttfc  ^  jtk-v^ixfx^iftktti^  ..-if  ^.^3^  :$a»4.  «&4  ^^f^ftuei^— ^M^  jftsthrfaofTAmialand 
<w*«$&;iMtli  Hwkq;;^  ^ntuk^£  4^di«*u#».s  Isi  ^*«w  ^ructi:  «f  ;^  ^wvdiL  e^qiMBallh-  &^  €be  great 
l^iKhi^  ^'^iftraiit^  Vr«>N%  ^  iV^cttL  ^S^rak  ws£  ^le  «m  >(^  Jbsb.  v:&£t  mcts  of  iit 
.vosfi^  a^^  v«hM;9«»^a  Vr  jpK«ft  «kat)»(tsiK^  ^£  ^  rkdii^i  iirix:  sic  ^tarv^MRs,  as  in 
ftttjt  ^<r  ^n^iik  ^^^kMC  ^<d!tf«tt$QWM^  ^^(<r  .Nttt$^tbt>c  ^<f  ^cfvdnK  son&bcrr  nfiBi^ife  soili) 

WM4MC  WT^i^  <tVl^^C^l8Ma  w  ^MCtL.  "QT  ^tCMML 
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of  FevtlUty.'-'Soils  being  at  onco  tho  habitation,  the  xnochanical  support, 
and  the  source  of  nonrishmont  of  plants,  evidently  require  special  treatment,  and  pecu- 
liar consideration.  In  addition  to  the  vegetable  matters  which  help  to  render  them 
availahle,  they  require  certain  proportions  of  silica,  alumina,  lime,  magnesia,  and  iron, 
besides  x>otash  and  soda,  sulphur  and  phosphorus,  and  water. 

Fertility  depends  on  depth,  and  on  tho  texture  and  condition  of  tho  minerals  that 
are  present,  as  well  as  on  tho  nature  of  those  minerals.  The  actual  proportion  varies 
exceedingly,  as  will  bo  seen  on  examining  the  proportions  that  have  been  foimd  in  the 
case  of  some  of  the  most  remarkable  known  instances.  Thosc'sclected  are  (1)  the  mud 
of  the  Nile,  <selebrated  in  history  as  the  most  fertilizing  of  aU  materials,  and  constantly 
fSpreaA  crver  the  land  in  each  succeeding  year ;  (2),  the  Tchomoumy  or  black  earth  of  the 
Aralo-Caspian  Plains,  which  feed  twenty  millions  of  people,  and  export  besides  fifty 
millions  of  bushels  of  com  annually,  bearing  crops  for  years  together;  (3),  the 
Beffur,  or  cotton  soil  of  India,  whore  constant  successions  of  crops— one  of  cotton,  and 
two  of  com — have  been  produced  for  the  last  twenty  centuries ;  and  (4),  the  rich  and 
valuable  soils  of  various  grazing  counties  of  England,  as  Devonshire  and  Cheshire,  de- 
rived from  the  red  marl.  Of  these  the  tchomozcm  is  twenty  feet  thick,  and  contains,  in 
addition  to  its  solid  ingredients,  2  J  per  cent,  of  nitrogen,  while  the  regur  varies  from  three 
to  twenty  feet,  and  is  chiefly  remarkable  for  its  large  per  centage  of  carbonate  of  mag- 
nesia.    The  Nile  mud  contains  much  the  largest  proportion  of  organic  matter. 


Silica     .... 

Alumina 

Magnesia 

Carbonate  of  lime 

Carbonate  of  magnesia  . 

Oxide  of  iron 

Water  and  organic  matter 

Chloride  of  sodium 

Nile  Mud. 

Tchomozem. 

Regur. 

En(;lish  Soil. 
Ked  Marl. 

42-50 

24-25 

1-05 

3-a5 

1-20 
13-65 
13-50 

75-00 
909 

small. 

? 
5-56 
6-95 

48-20 
20-30. 

1600 

1020 

1-00 

4-30 

70-20 
19-20 

0-40 

600 
410 
0-10 

10000 

06-60 

100-00 

100-00 

▼azioiui  Kinds  of  Soils.— It  will  easily  be  seen  that  as  far  as  soils  ore  derived 
from  underlying  rocks,  they  may  be  divided  into  four  groups. 

1.  Aluminous,  or  clay  soils. 

2.  Calcareous,  or  lime  soils.  ^-      ""  "    •  * 

3.  Siliceous,  or  sandy  soils. 

4.  Soils  derived  from  basalts  and  granite,  and  of  mixed  character. 
Of  these  tho  simple  and  ordinary  combinations  require,  indeed,  to  be  known,  but 

they  occur  in  rocks  of  all  geological  periods.  Thus  clay  soils  consist  of  siUcates  of 
alnminft^  mixed  up  with  more  or  less  sand,  and  frequently  with  lime,  and  are  usually 
eoloured  with  iron.  When  combined  with  from  thirty  to  forty  per  cent,  of  sand,  they 
become  clay-loams.  When  there  is  from  forty  to  seventy  per  cent,  of  sand,  they  pass 
into  true  loams  and  loamy  soils;  and  not  till  the  per  centage  of  sand  is  nearly  ninety 
do  they  become  sandy  soils.  So  again  with  from  five  to  twenty  per  cent,  of  lime  the 
loil  becomes  marlyf  and  not  till  it  has  more  than  twenty  per  cent,  of  lime  docs  it 
receive  the  name  of  a  calcareous  soil.  x. 

Of  the  various  clays  in  England,  those  of  the  older  tertiary,  m\dS\fi  &^<^oTAar^^^sA.  \ 
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newor  I'nleosoic  poriodB,  oontain  but  little  calcareous  matter;  and  those  of  tha  goult  and 
Um  but  little  8and,  and  muoli  calcareous  matter.  Most  of  these  soils  are  doso  and 
rotontivo.  When  well  tended  and  highly  cultivated,  they  produce  large  crops  of  com 
and  othor  grosses,  but  arc  not  suitable  for  the  turnip.  When  poor  and  undraincd,  they 
grow  coarse  grass  and  oats ;  but  they  rcquii*o  drainage  and  dressing  with  lime,  sand, 
gravel,  or  burnt  clay,  to  render  them  reaUy  available.  They  usually  contain  the  sili- 
oatoA  of  oltiniiua  (rlay)  to  cxeci^  The  fen  districts  of  Lincolnshire,  Himtingdonshire, 
Cfunbridgeshin\  and  the  neighbourhood,  are  good  illustrations  of  the  high  capabilities 
of  many  of  thoso  unpromising  tracts ;  more  especially  for  heavy  com  crops. 

Caloareous  roek?,  when  perfectly  pure,  frequently  yield  barren  soils,  as  may  be  seen 
both  in  the  ease  of  soft  chalk  and  hard  limestone  in  various  parts  of  tlic  British  islands. 
Those  rocks  are,  however,  rarely  without  a  certain  proportion  of  clay  and  silica ;  and, 
togi^thcr  with  a  little  vegt^table  matter,  they  make  excellent,  though  often  light  soils. 
Boil  limestones  (chalk)  absorb  much  water,  but  do  not  give  it  out  again  fredy  by 
draining  naturally  into  erovices ;  although  by  evaporation  it  is  easily  removed.  Thus 
most  of  Ihc  limostono  soils  soon  dry  at  the  siurfacc  after  rain,  but  rarely  suffer  severely 
firom  driHight. 

Sand  wils  an>  of  various  kinds,  but  always  require  admixture  with  limestone  or 
clay,  or  )xAX\,  l\vn  sand  lias  no  oi^heronoe,  and  contains  nothing  to  which  plants  can 
attach  themst^vos*  or  fnmi  which  thoy  can  derive  nutriment.  Combined  with  other 
earthy  suMauoos  of  almost  any  kir.d,  sands  are  useful  for  certain  purposes.  "Water 
outers  sand  fnvly.  and  nnis  through  and  into  crovieos  without  being  retained  in  the 
mass ;  and  in  this  way  sand  greatly  ditTors  fn^m  limestone  and  clay. 

Alluvial  soils  dori^^Hl  frv^m  rivor?  gimerally  consist  of  fine  mud,  and  contain  an 
admixture  of  minor.d  et^nstitv.onts,  and  a  oortnin  amv^'.int  of  organic  matter,  both  animal 
and  vog\^tiil>U\  niixiHl  with  thor.i,  Pilr.viiJ  soils,  on  the  other  hand,  are  more  usually 
stony,  and  often  Ivarrtii,  consist ir.i:  of  larijo  gravil,  boulders,  and  £cagments  of  stono 
mixi\l  with  clay. 

Many  of  tho  i4r*u\">us  auvl  mota!Uv"»rphiv^  rvvks  dvWnipose  int.^  soils  of  the  richest  and 
m\^t  valuable  kinds.  Thus  Liva  ;iuA  l\;siilt*  in  thcnisolvcs  roiuh.  hsrd.  and  apparently 
alti>px^ther  r.ntit:,\l  t\^r  aflriouMiiV;.!  use,  only  r.^ov.in^  ,t  !it:!«>  ::'.:.i\  and  a  certain  amount 
of  wx\nt Vrinc,  to  rrvs'v.xO  t'lo  finest  Svnls  in  tho  wor!a.  Ever,  u.vosiposrd  granite  ia 
o(V^  vxTv  VTsluaMo ;  and  ^^r-..^  of  the  ^x^rphyrit^?  ni.^y  bo  n>^>ffn«ied  as  the  imdeilying 
Tvvk^  in  the  %\>s;^  of  rich  soiK  I'swallr,  hv>ww."*r,  »hi  si»  haril  r.xts,  when  portiaDy  or 
cntiivly  on~st,^V,inv\  rv^sist  aT-.r.v^s•.^^.cr..*  artr.  n  t;'«.>  long  n>  allv^w  of  much  vegttahle  soil 
accwmulatir.c  on  t>.v^:r„  Thx;s  :>,o  cmnircs,  ct.otss  nvks,  slat:s  ar.i  schists,  are  prc- 
sirntxxl  in  Iv.rt^  r.*ov.rit^»\n  r.":;;ssos, — kWAsi^^iia'Ty,  i*erhar»s^  corjirtxM  wiih  a  few  trt?os;  but, 
<'T«*f*  ^hon'^  the  aTTfn>'«sphert*  is  <v^i*stanTly  iss)isfH  they  are  estscnaally  naked,  and 
eoc^ibiit  «T»tt»!<^ur  rather  that^  ^l^a^ItT  or  wx^n.^nnio  value, 

Wtawml  BBuiti!re««-  -Thx-*  a^Hn-sixtuw^  t^f^viK  $>!>  as  to  fr^hc^Y  a  mi&rTal  inaxmre^ 
in  a  laattrr  t^rf"  t>:e  highest  iafiyv^jtuwy  in  thx'^  |*ra:tioe  .-rf  armihTxrp,  It  reqnlra  a  duh 
titirt  afpwyian.T-n  \^h  of  ^>V\4:y  aT^l  <'Vmwcry  t,"»  ^V  this  c^ffK-riAlhr :  and  tatut^ 
w^  &nMT  slHNn'id  >v  irrs.-cnTit  of  w^at  pw^ahly  <^xisT^  a  iV^  fret,  or  a  iew  doiaa  IM^ 
V^lwr  tV  warf^v  whieh  V  nultiTati^  It  5s  now  fvi,r.>r  liTse  sxnw  tJic  Tarious  aolablt 
I^KtsplSatos  xiTfT,^  'f.^tm.^  r,^  re-vho,-*;^  a  crf»at  oflRv-jH  «w.*  ir.T!y  .^n  T^■*^t  rr^pev.  mck  as  tur- 
iN^ns;  aift.^  tV  *V:?o.MvT^  ,^r  rsrrK-rJil  v'h.v-piSarwv  ^->k>,  >t  ch^^ral  trcatawnt,  wtre 
»aA*  valnaMx^  t.v  r.\iv,;r,\  x«  is  ir.  crs  in  :"S,'  rr.o,".???^,  tsT  i»HfTJi»f.  T>  th»  fK*icHtifio 
*iMw-fc>^  jj»>^'   ^,p^^-^*,,,  v^.^^jj^-  ^^  x,-,..  l>t'r.>«c*i  1^.^  frcfTs-y  of  Mr.  Laires,  of 
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Hothunitead,  near  St.  Albeiu,  beds  of  pebbles,  fbnning  a  largo  part  of  the  fpnyd  oliffi  of 
Suffolk  and  Staex,  havo  bM»i  found  worth  working  and  rouioving  to  tho  neighbourhood 
of  London,  where  they  ore  tn^atcd  with  sulphuric  acid,  ground  up,  and  mingled  with 
other  substances,  to  form  a  yaluablc  mineral  ingn<dient  for  certain  soils.  These  x>ebbles 
consist  chiefly  of  phosphate  of  lime ;  and  other  di*posits  nnd  yoina  of  tlic  same  substance 
arc  no'doabt'to  be  found  in  England  and  elsewhere.  Their  value  is  considerable,  and 
they  are  well  worth  careful  search.  These  aro  mentioned  as  affording  good  examples  of 
the  applioation  of  mineral  manures  to  agriculture,  cycn  when  the  minerals  found  require 
^paraticm  of  a  somewhat  elaborate  kind.  The  admixtures  of  chalk  with  stiff  clayg 
and  other  soils  of  the  samo  kind,  arc  less  complicated,  but  hardly  loss  important,  inaa- 
nmch  aa  they  aro  ercry  where  possible,  and  require  less  knowledge  and  fewer  cxperi- 
nents.  To  apply  in  this  way  with  advantage  the  kuowledgo  derived  from  tho  study 
of  geology,  tho  fiirmcr  must  know  familiarly  tho  structure  of  the  earth  in  his  neigh- 
bourhood. He  should  be  aware,  not  merely  of  that  which  ho  eon  see  directly  beforo 
him  and  bcmeath  his  feet,  but  what  rocks  ore  l>elow  the  surface — ^how  they  aro  placed— 
what  they  contain— and  how  they  can  bo  best  reached  or  aTcidcd.  This  knowledge  of 
structure,  and  tho  application  of  it,  is  *' practical  geology"  of  the  best  kind. 

CoBcliiaion.— In  this  brief  outline  of  operations  concerning  tho  sr.-icnce  of  agri- 
eolture,  aa  based  on  actual  obscrration  of  the  earth's  structure,  and  distinguished  from 
mere  empiricism,  an  endeavour  has  been  made  to  illustrate  a  great  subject,  little  under- 
stood,  and  lees  practised ;  but  upon  the  due  application  of  which  much  of  the  pro- 
sperity and  happiness  of  a  large  proportion  of  the  population  of  England  for  tho  future 
most  really  depend. 

If  farmers  and  agriculturists,  availing  themsclycs  of  tho  knowled^  and  experience 
of  others,  as  well  as  that  acquired  by  themselves,  ore  willing  and  anxious  to  improve 
and  fully  cultivate  their  land,  they  may  unqTicsti<ma})ly  now  obtain  a  fair  profit  for 
d^ital  £urly  invested ;  but  if  they  neglect  thu  simplest  laws  of  nature,  and  the  obser- 
vation and  comparison  of  the  operations  daily  presented  to  their  notice,  they  will  bo  thd 
{dncipol  sufferers,  although  tho  general  interests  of  tho  country  will  no  doubt  also 
be  effected. 

Nature  has  provided  everywhere  indications  of  the  internal  stmcture  of  the  earth ; 
and  those  are  in  no  caso  so  dear,  and  in  none  more  important  and  valuable  than  where 
they  refer  to  the  culture  of  food  plants.  The  kind  of  mineral  riches  required  f<a  this 
porpoae  is  generally  present  near  the  surface,  is  easily  understood,  and  soon  brought 
into  use.  It  is  therefore  quite  certain  that  every  one  concerned  in  tho  management  of 
land  shoiuld  be  acquainted  with  the  nature  and  range  of  each  geological  formation ;  the 
eonditians  and  circumstances  imder  which  these  come  to  the  surface  in  his  own  imme- 
diate district ;  the  texturo  and  derivation  of  tho  soil  and  its  relation  to  the  sub-soil;  the 
dip  and  strike  of  the  strata,  and  the  form  and  surface  of  tho  land.  Where  an  estate  is 
Btuatod  on  several  beds,  each  must  be  examined ;  and  the  natural  as  well  aa  actual 
eoodition  of  the  soil  must  be  determined,  and  mixtures  of  soil  suggested.  Tho  extent 
and  infloonce  of  faults  and  disturbances  of  the  reg^ar  stratification  must  also  be  fairly 
eonaideied ;  and  the  whole  plan  of  cultivation  must  havo  some  reference  to  those  points 
which  haire  been  here  referred  to. 

When  draining  operations  on  a  largo  scale  are  to  be  commenced,  and  tho  engineer 
steps  in  to  assist,  or  precede  the  farmer,  he  also  must  understand  what  is  beneath  the 
snribot  befbire  he  can  fitly  apply  his  skill  and  develop  tho  resources  his  scienfiQ  con- 
gests.   No  work,  is  really  satisfactory  and  sufficient  either  in  aprvcuVtawi,  qt  m^Oaa^ 
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department  of  engineering  useful  to  the  cultivator,  which  does  not  refer  to  geological 
structure,  and  which  does  not  fairly  estimate  the  facts  now  clearly  determined  con- 
cerning tiie  earth's  ancient  and  recent  history. 

ENOINEEBIKa  GEOLOGY. — DRAINAGE. 

Not  only  in  questions  of  drainage  on  a  large  scale,  hut  wherever  it  is  required  to 
reclaim  lands  or  construct  public  works ;  whether  it  be  the  question  to  lay  out  extensive 
operations  of  well-sinking,  or  contrive  the  best  mode  of  impounding  water  for  the  use 
of  towns ;  whether  the  selection  of  lines  of  railroad,  or  other  roads  where  deep  cuttings, 
tunnels,  and  heavy  embankments  be  the  object  in  view ;  or  whether  it  be  the  constrac- 
tion  of  docks  and  harbours,  the  selection  of  sites  for  new  towns  in  the  colonies,  or  any 
of  the  numerous  other  engineering  operations,  where  the  structure  of  the  earth  influences 
ihe  operations  and  works  to  be  performed, — ^in  all  such  instances  a  sound  knowledge  of 
Geology  is  necessary.  In  cases  where  large  masses  of  stone-work  are  to  be  put  upon 
the  ground,  and  massive  public  buildings  erected,  distinct  information  of  a  similar  kind 
is  needed  by  the  architect,  who  has  occasionally  also  to  decide  on  engineering  questions, 
and  on  the  selection  of  material.  The  application  of  geological  informatioi^  to  engi- 
neering is  thus  capable  of  being  grouped  under  various  heads,  which  may  be  thus 
enumerated— (1),  drainage;  (2),  water  supply;  (3),  material  for  construction  and 
decoration.    "We  proceed,  then,  to — 

Ihminage  of  Zrfmd.— The  artificial  drainage,  and  ultimate  reclaiming  of  large 
tracts  of  rich  land  hitherto  subject  to  destructive  inundation,  or  permanently  under 
water,  is  one  of  the  most  important  matters  on  which  engineering  rViH  can  be  exercised. 
Attempts  of  this  kind  have  frequently  succeeded,  and  the  advantage  in  such  case  is 
enormously  great.  They  have  sometimes  failed,  and  the  loss  is  correspondingly 
ruinous. 

It  is  chiefly  in  countries  where  land  is  very  valuable,  or  where  the  position  of  the 
land  supposed  to  be  reclaimablc  is  of  great  political  advantage,  that  such  operations  can 
bo  properly  attempted.  A  large  part  of  Holland,  and  the  extensive  fen  lands  of  Lin- 
colnshire, Cambridgeshire,  and  adjacent  counties  in  the  east  of  England,  afford  admi- 
rable illustrations  of  the  two  most  remarkable  conditions  of  successful  drainage  of  tlus 
kind.  The  drainage  of  bogs,  in  the  interior  of  a  country,  is  a  somewhat  different 
process;  and  the  drainage  of  uplands  generally,  for  ordinary  agricultural  purposes,  on  a 
small  scale,  requires  only  the  application  of  a  small  amount  of  geology  and  a  littile 
surveying  knowledge  of  the  commonest  kind. 

The  fen  lands  of  Holland  are  derived  &om  the  delta  or  mud  accumulations  at  tibe 
mouth  of  the  Khine,  and  are  therefore  not  at  aU  above  the  level  of  high  water  in  titt 
adjacent  ocean.  The  fens  of  Lincolnshire,  on  the  other  hand,  though  often  subject  to  in- 
undation, are  really  above  high-water  mark.  In  the  former  case,  therefore,  the  water  has 
to  be  lifted  off  the  surface  into  dykes  constructed  for  that  purpose,  after  artificial 
barriers  have  been  constructed  to  prevent  the  incursion  of  the  sea,  and  the  drainage 
can  only  pass  into  the  ocean  at  low  tide ;  but  in  the  latter  the  &11  is  sufSdent 
to  allow  the  water  to  run  off  continuously  after  such  barriers  have  been  placed. 
The  construction  of  the  barriers  and  dykes,  and  the  mode  of  lifting  the  water, 
and  conducting  it  to  an  outfsdl,  are  all  objects  of.  engineering  enterprise  in 
Holland  and  in  England;  but  with  us  the  chief  object  in  view  is  that  of  providing  a  dear 
and  direct  path  for  the  surplus  water  to  escape.  The  Dutch  draining  engineer  has  not 
to  trouble  himselt  with  the  structoie  of  the  underiying  rock,  since  the  only  material 
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with  which  he  can  havo  to  deal  is  the  riyer  mud,  generally  of  groat  thickness,  and  of 
uniform  character.  The  English  engineer  has  to  consider  how  and  where  he  can  safely 
cot  or  construct  his  artificial  channels,  to  discharge  the  rivers,  and  empty  lakes,  in  a 
district  where  the  rocks  to  he  dealt  with  arc  both  varied  in  their  character,  and  different 
in  mechanical  position. 

The  existence  of  the  fens  of  Lincolnshire  is  due  to  the  fact  that  two  large  deposits 
of  tough  impermeable  clay,  of  the  oolitic  period,  there  overlap  without  any  inter- 
mediate draining  stratum.  These  beds  have  a  regular,  though  very  small  fall  towards 
the  sea;  and  without  some  check  to  the  entrance  of  the  water,  they  would  be  subject 
to  injury  fitun  occasional  high  tides.  They  are  traversed  by  numerous  streams,  bringing 
down  water  £rom  the  higher  ground  in  the  interior;  and  parts  of  their  surface  where 
depressions  exist  are  covered  with  large  ponds  or  lakes  of  fresh  water.  The  dip  of  all 
tiie  beds  being  seaward,  no  natural  barrier  exists  either  on  or  near  the  coast  tending  to 
keep  back  the  water  flowing  towards  the  sea,  or  check  the  advance  of  the  sea  during 
tides  of  unusual  height. 

It  is  not  difficult  to  explain  the  process  by  which  a  low  flat  coast,  like  that  which 
our  £en  lands  originally  presented  to  the  sea,  has  in  time  become  so  much  covered  with 
water  as  to  be  quite  valueless  without  artiflcial  drainage,  although  l^cre  originally 
existed  a  natural  fall  sufficient  to  carry  off  the  water.  If  we  assume  the  condition  of 
the  land,  at  some  distant  period,  to  have  been  dry  and  covered  with  forest,  being  then 
naturally  drained  by  streams  running  directly,  and  without  interruption,  to  the  ocean, 
it  is  easy  to  see  that  an  accident,  which  should  divert  the  course  of  a  stream  from  its 
original  line,  or  any  obstacle  that  kept  back  part  of  the  water  in  a  pond  or  lake,  must, 
by  checking  the  rate  of  progress  of  the  water,  produce  an  accumulation  of  mud,  either 
ia  the  river  or  at  the  sea  coast.  Even  under  the  most  favourable  circumstances,  a  bar  or 
hank  of  mud  mi2St  always  be  formed  when  a  river  after  running  over  a  clay  soil,  with  a 
moderate  current,  comes  directly  in  contact  with  the  tidal  wave.  This  check  to  the  course 
of  the  water  obliges  it  to  deposit  a  part  of  its  load  of  mud,  both  because  the  sea- water 
is  heavier,  and  because  its  momentum  is  greater.  The  fresh  water  partly  floats  over 
the  salt,  but  its  motion  being  interrupted,  the  mud  soon  begins  to  be  deposited.  In 
any  way  it  must  appear  that  the  first  check  given  to  the  direct  course  of  the  stream — 
the  first  bend  or  sinuosity  produced, — ^inevitably  tends  to  make  a  second  curve,  and  so 
on,  until  the  stream,  originally  straight,  becomes  serpentine.  But  if  a  stream  has  to  go 
a  certain  distance  to  the  sea  through  flat  lands,  its  rate  of  motion  is  manifestly  affected 
hy  this ;  and  if  the  original  rate  has  been  slow,  the  volume  of  water  not  considerable, 
and  the  distance  the  water  has  to  travel  should  in  time  become  doubled  by  the  more 
sinuous  course  it  is  made  to  follow,  the  rate  of  motion  must  be  nearly  halved,  and  the 
power  the  stream  has.  to  convey  mud  and  silt  is  then  proportionally  diminished.  Thus 
everything  tends  to  increase  the  evil;  and  it  can  only  be  corrected  by  cutting  a  fresh 
and  direct  outlet  for  the  water,  and  entirely  checking  that  tendency  to  wind  in  sinuous 
carves  so  common  in  all  streams  meandering  over  flat  day.  This  done,  the  outiet  kept 
clear,  and  the  embankment  towards  the  sea  in  good  condition,  a  fen  district  above  high- 
water  mark  becomes  effectually  and  permanently  drained. 

The  process  of  warping,  or  admitting  muddy  water,  or  water  loaded  with  silt,  to 
enter  low  flats  at  flood  or  high  tides,  there  to  remain  until  it  has  deposited  its  mud, 
and  afterwards  allowing  it  to  run  off  clear  when  the  tides  are  low,  is  an  important 
means  of  raising  the  general-level  of  large,  low  tracts  near  the  sea,  until  they  approach 
the  highest  level  of  high  water,  and  become  permanently  reclamed.  T\i\a\&  Q^eo^^issa- 
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neeted  with  large  draining  operations.  The  removal  of  water,  where  it  is  accumulated 
on  mountain  tracts  under  yegetation,  as  is  the  case  in  many  parts  of  Ireland  and 
elsewhere,  may  often  "be  eflfected  hy  very  simple  means,  when  the  nature  of  Ae 
underlying  rock  is  known.  This  process  is  analogous  to  that  of  draining  for  ordinary 
agricultural  purposes. 

TILE  GEOLOGY  OF  WATER  SUPPLY. 

IMstiibation  and  Cizcnlation  of  Water.— In  an  earlier  -psnt  of  this  treatise, 
while  speaking  of  the  distribution  of  water  on  the  eartih's  8ur£Bu:e,  by  means  of  the 
atmosphcze,  some  account  wiU  be  found  of  the  way  in  which  a  circulation  <^  water  is 
kept  up,  and  the  supply  of  springs  and  rivers  rendered  permanent.  A  very  brief 
recapitulation  o£  these  Cacts  may  here  be  usc&l. 

The  earth  we  have  seen  consists  (sec  page  3)  of  three  ionna  of  matter — aerial, 
fluid,  and  solid ;  the  agency  of  heat  keeping  all  the  different  substances  in  that  one  of 
these  conditions  which  belongs  to  it  at  the  particular  temperature  to  which  it  may  at 
any  time  happen  to  bo  exposed,  but  in  a  general  way  leaving  water  fluid,  tlie  atmos- 
phere gaseous,  and  the  remainder  solid.  Air,  however,  as  well  as  earth  and  water,  is 
capable  of  retaining  in  a  state  of  suspension  or  solution  some  quantity  of  most  of  the 
fluid,  and  even  solid  substances  with  which  wo  are  acquainted,  and  generally  contsiiis 
oa  an  average,  in  its  usual  state,  nearly  four  grains  of  water  in  each  cubic  foot,  which 
is  equivalent  to  about  one  pint  in  a  room  fifteen  feet  square  and  eight  feet  high.  Thus 
it  remits,  by  a  simple  calculation,  that  the  column  of  atmosphere  over  each  acre  of  the 
earth's  8ur£aice  contains  about  a  quarter  of  a  million  of  gallons  of  water  in  what  may 
be  regarded  as  its  normal  condition,  and  without  feeling  damp,  or  tending  to  be  deposited 
in  mist  OT  rain. 

But  the  quantity  present  in  parts  of  the  cc^umn.  espedally  those  nearest  thf 
enth,  is  capable  of  being  very  greatly  ine^^ased  under  favourable  circumstances.  Thns 
in  sommer,  at  a  temi>erature  of  70',  more  than  eight  grains  in  the  cubic  foot,  or  double 
this  amount,  can  be  held,  while  in  winter  the  quantity  is  much  less  than  four ;  so 
tiliat,  if  we  assume  a  limited  thickness  of  the  atmo^here,  we  shall  find'  that  each 
yard  of  height  of  the  column  already  alluded  to,  whose  base  is  one  acre,  may,  under 
this  altcrod  state  of  atiSairs.  contain  no  less  than  sixtetm  gallons  of  water ;  and  that, 
by  change  of  tempjrature  and  other  causes,  this  power  of  retention  is  capable  of  rajwd 
redaction  to  the  normal  quantity  of  four  gallons.  The  larg^?  amount  of  twelve  gallons 
oi  water  may  thus  be  actually  discharged  from  such  a  spaee  of  air  in  a  short  time ;  and 
this  calculation  gives  an  approximato  racasuiv-  of  the  water-contents  of  that  part 
of  tKe  air  occupied  by  clouds,  which  arc  well  known  to  be  accumulations  of  vapour 
originally  dissolved  in  transparent  air,  biit  made  visible  by  chanires  in  the  atmos]J!ieiit 
coaditijin.  An  aciv^  of  lioul.  five  hunirtNi  yaiCs  thick,  c^sy  discharce  any  quantity  up 
to  ax  thousand  gallons  of  wstor.  provid:d  the  «»ndinan  of  the  air,  in  regard  to 
temperaturt\  vary  from  70~  *o  40  ,  The  a?tud  quantity  thai  falls  will  depend  partly  on 
the  rapidity  and  extent  of  change,  ar^d  panly  en  ole^;trical  eonditions. 

Thus  if  a  rain-oloud.  five  hunirvd  yar;ls  thick,  mcvc  over  the  land  on  a  liot  summer's 
day  at  the  rate  of  ihivc  miles  an  ho.:r,  end  ueposit  on?  twenty-fifth  part  of  its  available 
water,  there  will  occur  a  shower  of  rain,  and  th:-  amount  of  rain  falling  will  be  marked 
by  the  lain-caugc  as  one  inch.  This  corr.-spoTids  to  ab.>ut  twenty  thousand  gallons  of  I 
water  on  cacli  aciv  of  ground  over  which  the  shower  has  foUon  at  the  assamcd  rale. 
Sack  a  shower  would  be  imnyjallv  heaw :  but  eren  a  lareer  fall  often  occurs  in  snramer. 
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The  total  raim-fall  in  ono  year,  in  the  ncig1ilK}urhood  of  T^ondon,  is  only  about  twanty- 
fire  times  this  amount. 

Tho  reader  will  imdorstand  tliat  such  a  stiitoniont  is  to  bo  taken  only  oa  oppnni- 
matiye ;  but  it  is  sufficiently  aecurate  to  servo  oa  an  illustration.* 

The  mean  rain-fall  in  all  England,  takon  ono  yoai*  with  another,  is  considorod  to  be 
on  the  whole  about  thirty  inches ;  but  tho  average  on  the  j>lains  is  twenty-four  and 
a-half,  and  on  the  mountains  forty  and  a-half  inches.  Tho  avoragc  fall  during  tho  spring 
and  summer  months  on  the  plains  is  ton  and  a-half,  on  the  mountains  oightocn  and 
a-half  inches ;  and  during  the  winter  and  autumn  months,  on  tho  plains,  fourteei^— 
on  the  mountains,  t^'onty-two  inches. 

The  total  amount  that  somotimos  falls  in  ono  year  is  i>fton  far  aboyo  or  below  the 
average  in  particular  «*potH.  TIius,  at  Soalhwaito,  in  tin?  "NVc^stnioreland  lake  district, 
ncaily  ono  hundred  and  sixty-one  inches  arc  recorded — this  being  equal  to  tho  largest 
ayerage  in  tho  tropics. 

Tho  actual  amount  of  water  that  falls  over  tho  whole  earth  in  the  course  of  one 
year  is  calculated  to  be  equivalent  to  ono  yard  in  di-plh,  if  retained  on  the  surfiioo  of 
the  land. 

Of  this  large  quantity  of  water  that  may  bo  regarded  as  "  in  circulation,"  it  is 
supposed  that  about  ono-aixth  pait  runs  off  in  rivers,  and  that  ono  part  sinks  into  the 
soil ;  while  the  rest  is  immediately  re-evaporated  before  it  has  produced  any  ofibot. 
The  BUi>ply  for  rorious  economic  purposes  maybe  obtained  either  from  rivers  directly ; 
from  natural  springs  risinj^  at  the  surface ;  from  water  imi)oundcd  fi-om  e^rings 
obtained  by  artificial  sinkings  and  borings,  but  in  which  the  water  rises  to  and  flows 
over  the  surface ;  or  from  deep  wells  into  which  water  flo^v?,  but  from  which  it  must 
be  pumped. 

It  has  been  usual  to  obtain  water  for  tlio  use  of  towns  oithor  from  rivers  or  springs 
^-thc  water  being  somotimos  conveyed  fmm  a  considorablc  distunoe  by  aqueducts  or 
pipes.  More  recently  it  has  boon  Ihoiight  advisable  to  collect  and  store  water  in  large 
reservoiij,  whence  it  is  convoyed  to  tho  required  ?pot.  Some  of  the  largest  manu« 
&cturing  towns  in  England  ha-vc  of  late  years  re:«ortofl  to  this  as  tlie  best  plan. 
Manchester,  with  a  population  of  400,000,  is  supplied,  from  a  distance  of  sixteen 
miles,  by  a  reservoir  about  eighteen  thousand  acres  in  extent ;  Newcastle-on-Tyne 
(population  120,000)  bj-  about  four  thousand  octc.^,  twelve  miles  off;  Bolton  (60,000) 
by  five  hundred  acres,  four  miles  distant ;  and  an*angcmonts  arc  being  made  to  supply 
the  400,000  inhabitants  of  Liverpool  by  reservoirs  occupying  ten  thousand  four  hundred 
acres,  at  a  distance  of  twenty-six  milw  from  tlic  to'Nvii.  Tn  all  those  cases  tho  water  is 
pure,  and  can  be  supplied  with  groat  advantage  in  suflicient  quantities.  Tho  rain  is 
coQceted  over  a  certain  area  by  intorcoi)ting  all  the  ptreams  that  would  otherwise 
conycy  it  away  to  a  lower  level ;  but  to  do  this  effectually,  it  is  absfdutely  necessary 
that  the  rock  beneath  the  reservoir  should  retain  tlie  water,  and  not  contain  any 
injurious  minerals.  To  dcjtomiinc  thw,  not  merely  a  surface  sun-oy  is  iir'oossary,  but 
a  geological  survey  to  loam  the  nature  of  the  beds,  their  dip,  and  the  outlet,  if  any,  of 
such  as  ore  permeable,  and  also  (most  of  all)  the  presence  or  absence  of  faults  which 

*  It  should  be  remarked  that,  to  render  this  illustratiou  less  complicated,  it  is  assumed  that  the 
vhole  colu2nn  would  be  of  equal  density.  This  Is  not  the  case  in  nature,  in  constqucnce  of  tho  elas- 
ticity of  air ;  and  tho  portion  of  the  column  equivalent  to  a  yard  in  thickness  near  the  earth's  surface 
▼oidd  be  many  times  that  thickness  if  taken  at  a  considerable  elevation.  Still,  the  genQt^V  vc^qsokcA. 
uid  the  eonclnsions  remain  the  same. 
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might  immodiatoly,  or  ultimately,  drain  off  the  water  intended  to  bo  stored.  On  tho 
other  hand,  advontogo  can  sometimes  be  token  of  natural  springs  to  act  as  feeders  to 
tho  supply. 

Tho  coses  where  very  large  quantities  of  water  issue  from  the  ground  at  one  spot, 
and  arc  to  be  depended  on  as  a  permanent  source  of  supply,  may  be  supposed  to  be  rare. 
Thoro  arc,  howcYcr,  very  remarkable  instances  recorded.  Thus,  at  Yaucluse,  there  is 
a  spring  of  water  yielding 'from  thirteen  to  forty  thoiisand  cubic  feet  (eighty  thousand 
to  a  quarter  of  a  million  gallons)  per  minute,  varying  according  to  the  season.  This 
quantity  is  sufiicicntly  largo  to  supply  a  population  double  that  of  London.  Another 
fountain,  also  in  the  south  of  France  (near  tho  town  of  Nismes),  yields  as  a  minimum 
one  hundred  and  fifty  gallons  per  minute,  tho  quantity  occasionally  increasing  to  one 
thousand  gallons. 

]{ut  water  is  far  more  frequently  obtained  from  springs  reached  by  boring  into  the 
earth  to  somo  depth,  cither  to  a  natural  rcser\*oir  formed  in  a  crevice  or  cavity  in 
tho  otrata,  or  else  to  somo  particular  rock  that  allows  water  to  permeate  fredy  through 
it,  and  is  fed  from  the  surface,  or  from  a  distant  source.  It  is  well  known,  and 
oa«ily  proved,  tliat  all  rooks  contain  water ;  but  that,  while  some  suck  up  a  quantity 
which  may  bo  very  considerable,  and  retain  it  like  a  sponge  by  capillary  attraction, 
othor«  merely  receive  it  mechanically,  and  soon  part  with  the  greater  proportion.  As 
tlie  best  examples  of  these  two  extreme  conditions,  may  be  mentioned  chalk  and  sand 
rospectiwiy.  A  cubic  yard  of  thoroughly  wet  chalk  contains,  in  addition  to  the  quan- 
tity of  dry  ch;\lk  that  occupies  that  space,  one  thinl  of  its  bulk,  or  nine  cubic  feet  of 
wAtor,  oqui>*;dont  to  upwaivU  of  fifty  gallons.  Xo  part  of  this  lai^  quantity  would 
le«v«  the  chalk  by  simple  drainage ;  so  that  a  well  sunk  in  chalk,  however  wet  the 
rvvk  may  K\  would  oiuitain  no  water  if  the  chalk  were  perfectly  compact.  This, 
iadiced.  is  never  tho  case ;  and  there  an>  alwa3rs  a  vast  number  of  small  crevices,  and 
occasionally  $^^nie  vt^ry  Ur^^^  ones«  thiv>ugh  which  the  water  flows  with  freedom  enough 
attd  90on  cU^irs  fvu:  itself  a  passapo.  Thus  a  well  in  chalk  often  yields  water,  thou^ 
th^  chalk  dvx>$  not  become  lc:»  soaked  in  cansequokcc. 

SaiMu  \m  the  other  hand,  contains  water  also  in  larco  qcantitT.  hot  under  Toy 

didK^rmt  conditi^ms.     INire  sea  sand  will  contain,  in  a  eubic  yard,  ahont  the  same 

quantity  v\f  water  as  tho  same  roluiue  of  chalk,  but  would  part  wish  almost  all  of  its 

conttnts  into  a  well  sunk  into  it«  and  nr^mlarly  pumpi\i  6vai.    This  is  easily  observed, 

I   and  may  K"  |v\^vcd  by  exivriments    The  v;urioas  kinds  cf  ssndsse.ae,  more  or  less  pore, 

t    will  iK^c<<«»anly  cMitain  and  pan  >iii;h  wa»7  in  rcrr  di&i>cnt  fcvtpcctions.    SaT*^fliffliw 

,    Mi^iiofatcly  Uv^so  in  tcj^tuvw  such  as  0;c  c<:w  zv>i  s&ndstcae  in  iss  ooiinarr  state,  hold 

j    fivMM  l^^it  tx^  tin^  pints  \4  wa;«r  in  t2ic  c;;.l>k  f^vc*  and  will  j*s:n  wuh  a  laree  pioportioiL 

\\f  iu    Kocks  vvf  C\;j^  kin^  arvv  howcvtr.  ir.uc^  C2:ft^'ke>i.  s^i  c^s.  Lbve  hazu.  impemkeaUe 

Kaihls  cutting  o^  the  xV«R;«;unk«:aoin  K^woc^i  i^-  difecc^:  parts  <i  ^ut  saane  zxick.   The 

crevivvs  >n  t^c  «sn^o»o  arc-  :io9  alwax^  i^t^vsi.  ;r.\^::=;!.-:k*:d<  :  asd  ihcs  it  luqtpens 

tKat  in  »iMfto  I'^ai.-vx^  wat^r  ;5  rtvvty  (vcid-Al<>L  4=:d  i;i  ChIvct^  s2r:r.-isl  checked  in  its 

p«\>ftv«*  thivv^^X  t>.;*  Pivkc  *;si  ;;  s?  ,ii4v"^:   tc   -a;ttnL.:af   ^f.:cy^«7>i1  what  the 

|Vi;tk«iUr  tv^v.U  ;r»  a  f\vcT»  '..v**.;tT  >iiill  ^.     VE,kr;irf  lOkia  favccLrsK*  dicamstaOMce^ 

^^Wx'xv^s  \i  r»;\T  V  xN'kr^si.vr^Nl  ;««  sss^cOx"  «^'.r.  jixli  tv   iArl  TOiTtrr  a  million  of 

^  li  vs.  VxC>*vxv<r,  ^fcvs'.  V.v>»-;  >t  c^'rrsiSxC*.  atj^  if  a  Trjk:tvT  :c  zs:  ^tlL^  SBportance 

tv>  c^\^v^^  t>.Ai^  >»  'h\-«>\-r  ir«  s&;rs;  cc  x-ljilk.  a  wvl  «:sx.k  saic  kt^n  ^xgynrT^  drained 

«  rA\^.~:>,\i.V^-  x\«;)(Ni  «  «v^^  o-:*  x'\>j^;^>«'nL    ts:ih4  TaA^wsarCy  ^rucL  Uie  ^zrvsadsiur  rock 
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to  some  distance,  if  only  from  tho  omoTint  of  friotion  that  inevitably  takes  place  when 
water  flows  from  one  part  of  a  rock  to  another.  Thus  there  is  formed,  aroimdsuch  a 
well  of  exhaustion,  a  conical  space ;  the  vertex  of  the  cone  being  tlie  bottom  of  tho  well, 
and  the  base  at  the  surffico  embracing  an  area  proportioned  to  the  nature  of  the  rock 
and  tho  depth  of  the  sinking. 

AitMdaa  W«lla.—- The  cause  of  success  in  what  are  called  *^  Artesian  wcUs " 
is  easily  explained  by  a  reference  to  tho  position  of  strata.  Thus,  in  the  neighbour- 
hood of  London,  the  chalk  is  present  on  each  side  of  tho  valley  of  the  Thames,  and  is 
known  to  pass  under  the  clays  and  sands  which  form  the  actual  strata  at  the  surface, 
and  extend  to  a  considerable  depth.  These  clays  and  sands  are  thus  in  a  kind  of  chalk 
trough,  and  there  aro  generally  sands  between  the  clay  and  tho  chalk.  The  clays,  it 
is  hardly  necessary  to  say,  aro  absolutely  retentive,  neither  allowing  water  to  be 
obtained  from  them  nor  to  pass  through  them.  They  act  as  a  barrier ;  and  if  water 
oomea  in  beneath  them,  conveyed  through  tho  sands,  it  remains  there  under  pressure,  and 
imahle  to  got  out.  In  such  case,  if  a  well  is  sunk,  or  a  boring  made  through  tho  clay 
to  the  sands,  or  if  necessary  into  tho  chalk,  water  will  not  only  be  reached,  but  will, 
ia  finding  its  level,  rise  in  the  well  sometimes  to  tho  surface,  and  sometimes  even  abovo 
it,  though  often  only  a  part  of  the  way. 

Should  it  happen,  as  is  not  uncommonly  tho  case,  that  no  such  trough  exists,  but 
tliat  some  of  the  bods  aro  permeable  and  others  impermeable,  but  all  parallel  to  each 
other  and  going  down  to  considerable  depths,  tho  former  may  become  soaked  or  filled 
▼ith  waternp  to  or  verj-  near  the  surface;  and  then,  also,  if  these  are  pierced  at  a 
distant  point  by  a  well  sunk  through  tlio  clays  or  stone,  tlio  water  will  rise,  obeying 
the  same  law.  If  there  be  faidts  in  any  part,  it  may  happen  that  these  being  open 
may  carry  tlio  water  away ;  but  they  may  also  bo  closed  below,  and  allow  tho  water 
either  to  accumulate  or  to  bo  delivered  in  a  natural  spring.  So,  also,  it  is  not 
uncommon  to  see  springs  of  water  issue  from  a  hill  side,  where  permeable  beds  ore 
suddenly  out  off. 

Intexmittent  Spzinga. — In  some  parts  of  the  country  there  has  been  observed 
a  peculiar  &mdition  of  the  springs,  which  requires  some  explanation.  Tho  water  of 
these  springs  flows,  perhaps,  regularly  and  steadily  for  a  certain  time,  without  any 
q^arent  reference  to  the  state  of  the  weather.  At  length  the  flow  ceases ;  tho  season, 
pechape,  ia  unusually  wet,  but  still  no  more  water  is  seen,  and  the  source  is  nearly  or 
altogether  dried  up.  After  an  interval— it  may  be  of  some  months,  or  even  years— tho 
water  begins  once  moro  to  flow  in  a  powerful  stream ;  and  this  time,  cdso,  it  may 
tpgeax  to  be  without  reference  to  the  season  or  tho  rain  falls  of  tho  preceding  or 
present  year.  These  phenomena  are  repeated  at  intervals,  more  or  less  irregular ;  and 
inch  streams  are  properly  called  intermittent.  Nothing  con  really  be  moro  simple  than 
the  cause  of  this.  A  largo  cavity  in  tho  interior  (generally  in  limestone  rock)  serves 
as  a  reaeryoir,  and  is  communicated  with  from  above  by  crevices,  through  which  the 
surface  water  drains.  Another  crevice  or  passage  exists,  taking  its  rise  near  or  at  tho 
bottom  of  tho  rcservoit,  and  leading  to  the  place  at  which  tho  spring  flows,  which  may 
be  at  a  distance  of  many  miles  from  the  chief  sources  of  supply.  This  passage,  how- 
ever, is  irregular,  and  instead  of  running  directly,  rises,  in  seme  parts  of  its  course, 
nearly  to  tho  level  of  tho  top  of  the  reservoir.  Until  the  reservoir,  then,  is  full,  [no 
stream  will  run  out ;  but  when  the  water  rises  so  high  as  to  be  above  the  highest 
point  of  tho  passage  it  runs  over ;  and,  provided  the  delivery  point  is  below  the  bottom  . 
of  the  reeervoir,  all  the  water  wlQ  then  bo  drained  from  it,  \)cca\xaQ  liSaft  ^^aaa.^^^  vt^  \ 
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question  acts  as  a  siphon— a  contriYancc  often  made  use  of,  and  which  will  be  deacribed 
and  fully  explained  in  the  volume  on  "  Natural  Philosophy." 

Water  Supply  for  Towns. — It  is  dcsirahlc  hero  to  say  a  few  words  on  thk 
subject,  as  involving  some  important  considerations  in  which  geological  investigationi 
arc  extremely  useful.  It  is  clear  that  the  sources  of  supply  must  dejKmd  much  on 
local  circumstances.  AVIiero  the  population  of  a  town  is  not  extremoly  large,  and 
the  rocks  yield  water  freely  from  wells  of  moderate  depth,  this  source  is  extremely 
valuable,  and  may  be  sufficient.  AVhere,  however,  the  population  is  great  and  rapidlf 
increasing,  and  where  water  is  needed  for  manufactures,  steam-engines,  and  shipping, 
as  well  as  for  drinking  and  household  purposes,  tliore  will  arise  a  necessity  for  some 
more  certain  and  ready  means.  Rivers,  if  sufficiently  large  and  rapid  to  socnro  both 
quantity  and  quality,  and  storage  in  reservoirs  at  a  distance  if  the  river  supply  is  fSw 
any  reason  unavailable,  form  the  natural  means  that  £iigee*t  themselves. 

Absolutely  pure  water  is  not  to  be  obtained  in  nature ;  and  fbnunatcly  it  if  not 
essential — ^perhaps  not  desirable — for  tlie  ordinary  uses  of  animal  and  vegetable  Kfc. 
In  ordinary  eases,  rain-water  contains  ammonia,  and  in  or  near  town*  ia  always  taintad 
with  various  impurities,  introduced  into  the  atmosphere  where  large  mimbcrs  of  hmnan 
beings  and  animals  are  collected  tog?tber.  and  especially  where  household  fires,  and 
manufeictories  of  various  kinds  involve  the  oombuFtir.n  of  very  large  quantities  of 
mineral  fuel.  Spring  water  contains  niuncrous  mineral  substances,  chiefly  salts  and 
gases,  obtained  f!\>m  th?  ro^-k?  passed  through ;  and  as  water  is  an  almost  univenal 
aolvent.  the  variety  of  those  is  very  great.  In  ordinary  cases,  the  salts  of  lime  and 
soda  are  fhic-fly  abunda::: :  but  salts  of  potash  and  magni-sia  a:*  also  common.  Tlie 
salts  include  chlorides,  earbonaros.  gjl pharos,  and  phosphites.  Iron,  silica,  and  very 
small  quantitio*  of  organic  Tiiattvr  are  occasionally  found. 

River  wctor  contains,  in  adJi:i.-*n  to  th-:  vcric'us  substances  obtained  from  springs, 
aTid  from  th-.^  iwk?  over  which  th?  stream  pass:?,  a  quantity  of  organ:':"  matter,  both 
o:  animal  f.rd  v-:r.? rati:  crijrin.  wiiieh  in  the  nii-rhi; uriixd  o:  Lirr-i  towns  nsuallf 
in.^ludos  muvh  sr-T^ge  matter. 

It  ir.'ght  b:  >-i7TV>5ed.  and  has  ofron  been  stato-'.  thi:  vrhere  t!ii«  dnosit  is  c<ni5taiitlj 

st?rr:-d  t:t»  l-y  :h?  y  .rixii^al  p.:^:^  j-:  of  the  tiial  "b-jivo.  th.  vratier  ctnnot  1: :-  in  any  other 

tia::i  an  \:r.wr.o::>-^:ne  stat:.  and  unit  Jcr  c-rntnl  uj*.     There  trr.  b  ^werier,  eansef 

i    at  "vr^^rk  tL^niiT^j-  to  purity  th^?  vator  by  sizripl?  i:."^'*T2rt*.     The  d&i^:>mpo3iiig  aDimal 

•  at^d  v!?s??taVlo  r^atT<r  is  rapicly  rooi-v-ti  frc>n5  a  mi?  Li:T>-j<  c>^:»i»c:ti.:«D.  partly  by  aera- 
i    tii*^.  ani  yarily  by  tii.^>?  n^^riais  cf  jir.in-.f.i.-jL:*  — "r-::h  are  <>:>:ii  fjoken  of  as  among 

*  t'r:*,'  iTv.T»iirir*i:^  bn:  w:»i-::i  r:*aV.y  c^xle-.'^t  ih?  onLnsiT:  parti ;i«s  in-i  re-intnviace  theai 
I    in^^  th*  *:*]-!«<  of  *ifl\     Ri.vr  wstcr  is  nTK»d  fr:m  i;s  izrTn:riti.;>w  evicn  of  the  wont 

kirvl  ir.  a  m-.T.i.-TfnV.y  trlvi'  >7iv>e<.:  tin.:,  ml  ic-i-ji  ih*  ail  .>f  a  l;:cie  fihratioB,  is 
I    a  ,^»  T^s V  *  ^  *.; ;: " !  '>.!  t  ■»  h  ■:  ".isk  k  >.  -i  use. 
;  "il^^  T»:^r."*ft  wr.:-;- :  :*  f>.:::t  wh:^>.  i<  f .-;:-  a  in  mr^znain  ?«is  re  hilly  iistrkts.  where  there 

is  s^v.n-iant  rain-rV.l  ani  a  fnTfjkv  <i  hsri  rvk:  rz:  it  is  KZLsrks'iVic,  that  among 

^,^.ls  t*>.>5*  snTik   i--?«r.;>p:  g:n:rilly  o:nti:n  W<s  «-:i:-i  naitifr  '^L£S.  ?h:^:   xaoderaldy 
■    sh*.:!;^^.    The  t»vsT.:':y  rsri;>  fr -z:  ;c^  to  a^rnt  >?^:nrr-£Tv  crsins  zjkemeh  imperial 

«!:s*n  indrft*  w;<is:  V-r.t  rti.'hf<  ro  :a>:  h-^-irjc  *r  iT«:  toi  h^nired  and  twen^ 

5jrra;:is  ir.  *,  rs,*  *^-:ir  th:  s-rtV.::. 

Ctoftexml  CoasiAexstiomft. — Tt  rr.:a5C  '  >*  ir::i:x'0!«i;firT  :;:  96I  ziiiK:  as  to  the  great 

jWti*tal  i^ir^rv^st  ar.i  w*c«2v-il  i3K*flriaK.v  <4  ihii  «sV;x;t  <af  wiser  scK^sgy. 
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now  more  than  ever  recognised ;  and  the  necessity  of  providing,  in  some  way,  fur  the 
inereaaing  wonts  of  the  population,  is  doily  more  and  more  felt.  Methods  hoYC  hocn 
loggested  of  almost  all  kinds  by  which  the  existing  wont  might  be  supx)lied  ;  but  it  is 
t  subject  of  regrot  to  £nd  that,  for  the  most  part,  these  are  incomplete,  either  owing  to 
intentianal  neglect  of  existing  valuable  and  important  resources,  or  from  o  false  esti- 
mate of  other  resources.  It  is,  no  doubt,  cosier  and  more  eifeetive,  in  discussing 
Bach  subjects,  to  take  up  one  side  and  press  the  advantages  of  sumo  one  incthod  ;  but 
this  way  of  considering  o  great  public  question  otight  not  to  be  adojjted  by  thoso  who 
tim  at  the  general  benefit  of  mankind.  It  has  been  tlio  objoot  here  to  introduce  the 
subject  of  water  supply  as  connected  with  the  use  and  progi'css  of  geology.  Viewed  in 
this  light  it  may  bo  remarked  that  the  essential  desideratum  in  London  is  a  uniform 
and  eoBstant  supply  of  water,  tolerably  pure,  amply  sufficient  in  quantity,  supplied  to 
erezy  house,  and  sold  at  a  small  cost  to  each  housekeeper.  We  do  not  want,  nor 
perhaps  could  we  accomplish,  any  complete  rc^-ersol  of  the  pi*C6cnt  modes  of  obtaining 
water ;  for  these  hare  really  been  so  far  successful  as  to  give  us,  even  at  present,  a 
larger  and  better  supply  than  is  possessed  by  any  other  city  in  tlie  world.  While, 
&erefo>re,  we  desire  to  improve  our  condition,  we  should  be  very  unjustidablo  to  turn 
round  and  repudiate  those  who  have  brought  us  thus  iav ;  and  it  would  bo  much  wiser 
and  fuder  to  show  tho  existing  proprietors  of  water-companies  that  their  true  interest 
lies  in  enlarging  their  present  resources,  and  increasing  the  circidotian  of  that  fluid 
vhieh  is  as  essential  to  tho  health  of  a  great  city  as  the  blood  is  to  that  of  any  individual. 

In  concluding  this  subject  it  is  not  out  of  placo  to  direct  attention  to  the  intoresting 
and  beautiful  illustration  it  affords  of  the  mode  in  which  the  various  conditions  of  our 
earth  assist  each  other,  and  help  to  render  the  whole  no  perfect,  and  so  well  adopted  as 
▼e  find  it  for  the  support  of  animal  and  vegetable  life.  liy  a  succession  of  con- 
trivances, not  difficult  to  follow,  we  sec  that  a  portion  of  the  water,  which  at  one  time 
farms  part  of  the  great  ocean,  where  it  holds  certain  salts  in  solution,  is  distilled 
and  absorbed  into  the  atmosphere,  in  a  puro  state,  by  the  passage  of  a  cuiTcnt  of  dry 
air  oyer  it.  The  pure  water  thus  dissolved  in  the  almospliere  is  carried  along  with  tho 
air  to  great  distances,  reaching  at  lengtli  the  land,  and  llicre,  owing  to  some  changes, 
it  appears  in  a  visible  form,  and  is  still  convoyed  onwards  in  the  form  of  cloud.  In  this 
naoner  the  watery  vopour  floats  over  extensive  districts,-  or  remains  suspended  in  mid 
air,  until  at  length  it  can  no  longer  be  supjiorted,  when  the  particles  of  vapour  collect 
into  drops,  and  sink  to  the  earth  as  rain. 

Of  the  rain  thus  fallen  a  large  proportion  is  deposited  on  some  sloping  ground,  or  on 
Bxnmtain  sides,  to  which  clouds  ore  readily  attracted,  and  thence  desecndii  in  brooks 
and  rivulets  to  join  larger  streams ;  these  soon  become  rivers,  and  thus  a  portion  of  the 
water  again  passes  directly  back  into  tho  ocean.  Another  part  dcscendi)  into  tho  soil, 
and  becomes  at  once  combined  in  vegetable  or  animal  organization,  not  re-appcoring 
to  us  in  tho  form  of  water.  But  there  is  a  third  portion,  which  has  other  duties  to 
perform.  A  considerable  quantity  of  the  rain  that  falls  sinks  gradually  into  tho  earth, 
and,  owing  to  tho  peculiar  arrangement  of  the  rocks,  and  stones,  and  clays,  it  is 
received  into  the  permeable  strata  and  internal  reservoirs  of  the  earth,  as  into  a  well- 
contrived  magazine,  and  is  there  retained  for  a  time,  until  at  length  it  is  given  out 
cither  gradually  in  gentle  streams  which  help  to  fertilise  the  earth,  or  poured  forth  to 
supply  the  wants  of  man,  who,  by  the  exercise  of  his  ingenuity,  is  able  to  derive  profit 
tmm.  the  admirable  resources  of  nature,  by  imitating  her  methods,  and  adapting  them 
to  his  purposes.  \ 
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Tlio  intornal  structure  of  the  earth  is  thus  made  available  in  supplying  a  substance 
absolutely  necessary  to  organic  existence,  and  hardly  otherwise  obtainable.  It  requires 
very  little  consideration  to  perceive  how  essential  is  the  actual  arrangement  of  the 
mineral  ingredients  of  the  earth  to  the  fertility  of  continents,  since  by  its  means  only 
a  part  of  the  rain  that  falls  so  abundantly  on  the  flanks  of  mountain  chains  sinks  down 
beneath  the  surface  and  rc-appcors  in  the  plains. 

ARCHITECTUaAX   GEOLOGY. 

Natuire  of  BXateziaUi. — These  include  a  large  number  of  natural  substances, 
which,  fh)m  their  hardness  and  tenacity,  tan  be  used  for  purposes  of  construction 
without  any  furtlicr  preparation  than  cutting  them  into  convenient  forms. 

Of  stones,  properly  so  called,  capable  of  being  adopted  for  construction,  there 
are  two  classes,  one  including  all  those  commonly  used  in  squared  blocks  and  in  the 
solid,  often  existing  in  large  quantity,  and  obtainable  at  moderate  cost,  but  having  no 
very  8|>ccial  tendency  to  split  or  work  in  any  particular  direction  ;  and  the  other, 
such  minerals  as  are  chiefly  employed  for  roofing  and  paving,  which  split  readily 
into  very  thin  portions,  as  slates,  or  ore  capable  of  being  worked  into  thicker  slabs  and 
flag-stones,  having  parallel  faces. 

.  The  building  stones  that  are  best  adapted  for  general  use  in  any  particular  district 
are  naturally  those  that  combine  the  greatest  amount  of  durability  with  moderate  cost; 
and  OS  the  cH>st  of  transport  to  any  distance  must  be  a  serious  item  in  the  expense,  tiie 
ncaw^st  will  Ih\  dcttris  paribusy  the  best  But  the  durability,  and  therefore  the  ulti- 
mate economy  on  a  large  scale,  is  by  no  means  easy  to  determine  without  careful  and 
minute  investigation  or  long  experience ;  and  thus  a  number  of  inquiries  are  necessaxy 
in  n^fonmoo  to  those  materials  which,  being  the  nearest  at  hand,  would  first  be  sug- 
gest^^d  for  use.  Questions  concerning  building  material  include  a  large  number  of 
godogioal  considerations  both  as  to  the  nature  of  the  stone,  the  mode  in  which  it  lies 
in  tlto  bod,  the  probable  residt  of  the  exposure  to  which  it  will  be  subject,  and  the 
probability  or  otherwise  of  sufliciently  large  quabatites  being  obtainable  to  justify  the 
opening  i^  a  quarry. 

▼aluablo  qualities  of  Buildini;  Stones. — ^The  ordinary  building  stones  are 
cither  (VtH'^tono  or  granites ;  the  former  being  usually  bedded,  and  their  value  depend- 
ing a  govHl  deal  on  the  conditions  in  which  they  are  pivsented  for  use.  The  latter  are 
I  not  usually  b«\ldcd«  but  arc  naturally  broken  into  tolexmbly  regular  forms  by  joints, 
i  Jmnt;»  a)$i>  c^ist  in  stratified  n>cks,  and  greatly  assist  the  quairyman.  The  points  to 
I  which  attcntivm  shv^uld  chiefly  be  diivctcd  aiv : — ^1.)  with  regard  to  position  and  qmn- 
I  tity  --that  the  sK^nc  be  wcU  and  conveniently  placed ;  abundant ;  and  accessiUe  both 
J  Av  t^uarn-ing  and  ivmovaL  v**^  '^^  ^^^  ^'^  natuw  v\f  the  material : — that  it  be  neither 
*  too  hard  nor  uuuccc$sarily  hcAvy  ;  wwrkaUe  at  modci^tte  cost :  able  to  bear  a  heavy 
)  superincumbent  weight  without  cruising ;  and  sufficiently  durable  under  the  exposure 
,  to  wKi^*^  it  ijt  liable,  Th<!^^  arc  matters  independent  of  geol\>gical  age,  but  on  which 
■   inany  rwult;?  of  gei^l^>gicjd  inquiry  thiv>w  gteat  light. 

The  nH'th^yl^  of  in\e$tigatioiu  usxtalhr  adopted  with  ivcani  to  stones  submitted  iat 

;   inquiry,  are  m^t  rx^  numcnmsi  or  eoaiplicAted.  and  may  be  hew  briefly  icfcrrcd  to.   It 

n\uj4  W  r^'^mcmK^rv^  that  the  climatal  and  atxstosphcric  chani^^  to  whicii  stones  are  to 

[   W  cxpi>tiH\i«  intn>}a\V  by  ^r  the  uk^  nuxncxovts  and  iic^vrta::!;  causes  of  disintegration 

'   and  dccv>m|s^ti%>tt ;  and  alio  that«  without  sosae  actual  expeiieace  on  the  spot,  t^ 

t'x^cr  c^fRs'i  \\f*^rt»\%!^^'ric  actkvA  <«n  hazdly  be  di«v^Te^^L    The  uaxeriaL  composition, 
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ind  texture  of  «  stone,  ivill,  however,  greatly  influence  the  nature  and  extent  of  all  dcBtruc- 
tiTe  changes  to  which  it  can  he  exposed.  AVhcn,  then,  a  stone  is  submitted  for  trial, 
the  first  things  to  he  determined  are  its  mineral  eharaeter  and  chemical  eompotition^  so  far 
at  least  as  to  determine  what  are  its  chief  ingredients,  and  whether  it  contains  any  that 
are  unusually  subject  to  decomposition.  As  an  example  of  the  importance  of  this,  it 
may  be  enough  to  mention,  that  sandstones,  limestones,  and  granites  behave  in  a  manner 
totally  different  under  exactly  similar  exposure;  and  that  the  presence  even  of  an 
extremely  small  per  centago  of  some  of  the  alkalies  in  the  two  latter  is  injurious  in 
tiie  highest  degree,  although  other  alkaline  bases  seem  to  have  little  effect.  Having 
determined  the  nature  of  the  stone,  its  hardnest  (both  in  the  quarry  and  after  exposure), 
and  its  brittlmeas,  two  very  different  things,  should  next  bo  made  out  in  relation  to  some 
admitted  standard.  The  best  standard  will  generally  be  the  cost  of  working.  The  weight 
is  a  quality  also  important,  and  more  easily  determinable,  and  is  usually  estimated  by 
stating  the  average  weight  per  cube  foot ;  but  it  may  also  be  taken  more  accurately 
from  the  specific  gravity.  As,  however,  it  is  difficult  to  get  a  precisely  average  sample 
of  small  size,  the  former  is  the  more  practical  as  wcU  as  the  easier  method.* 

The  cohesive  power  must  next  be  settled ;  for  on  this  point  much  of  the  use  of  the 
stone  for  large  buildings  depends.  It  is  best  ascertained  by  submitting  small  cubes  of 
the  average  quality  of  material  to  slow  pressure  under  a  Bramoh's  press,  until  the 
atone  first  cracks  and  afterwards  crushes.  The  nimiber  of  pounds'  pressure  on  the 
square  inch  of  surface  that  produces  this  effect  will  give  some  measure  of  the  cohesive 
power ;  but  in  practice  it  will  never  bo  possible  to  get  all  the  stones  equal  to  l^o  average, 
and  therefore  very  great  allowance  must  be  made  for  weak,  bad,  and  cracked  blocks. 
Still  the  information  to  bo  obtained  by  experiment  is  of  value,  and  may  be  trusted  in 
eomparing  different  qualities  of  material  for  special  purposes.  It  must  bo  borne  in 
idnd,  in  this  as  in  other  matters,  that  the  strength  of  a  construction  or  material  is  the 
strength  of  its  weakest  part. 

Biaxd's  BCethod. — ^Tho  absorbent  power  of  a  stone,  or  the  quantity  of  water 
absorbed  on  exposure  of  the  surface  to  water,  may  be  determined  cither  with  or 
without  the  use  of  the  air-pimip.  On  this  absorption  in  some  stones,  almost  the 
vhole  weathering  depends,  while  in  l^e  case  of  others  it  is  but  an  indifferent  guide, 
in  order  to  determine  l^o  real  extent  of  damage  resulting  &om  absorption,  an  ingenious 
method  was  contrived  by  a  French  engineer  (Monsieur  Brard),  which  has  since  been 
frequently  employed  in  this  country.  The  method  is  based  on  the  idea  that  the  expan- 
ibn  produced  during  the  efflorescent  crystallization  of  certain  soluble  salts  on  the 
avi^ration  of  water  from  a  saturated  solution  of  such  salts  absorbed  by  the  stone,  will 
resemble  in  its  effects  the  expansion  of  the  rain  water  absorbed  when  the  material  is 
subjected  to  those  changes  of  temperature  near  the  freezing  point,  to  which  much  of 
die  destruction  of  building  material  in  our  climate  is  generally  owing.  To  determine 
the  durability  of  a  stone,  therefore,  a  block  is  taken  of  convenient  size  (two-inch  cubes 
are  the  most  convenient),  and  boiled  for  half  an  hour  in  a  saturated  solution  of  Glauber's 
salts  (sulphate  of  soda),  consisting  of  about  a  pound  of  salt  to  a  quart  of  water.  When 
^ken  out,  the  block  is  suspended  by  a  thread  over  the  vessel  in  which  it  was  boiled, 
and  within  twenty-fours  will  be  found  covered  with  crystals.  As  soon  as  this  is  the 
case,  it  is  dipped  in  the  same  water  in  which  it  was  boiled,  and  the  dipping  must  be 

*  It  is  sometimes  thought  adyisable  to  compare  the  specific  gravity  of  the  unbroken  stone  Vith 
that  of  the  crushed  fragments.  The  difference  is  sometimes  considerable,  and  marks  the  compact  or 
loose  state  of  aggregation  of  the  material. 
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repeated  at  intervals  as  often  as  the  crvBtala  api)oar  during  a  period  of  four  days.  By 
each  dipping  the  portions  of  stone  forced  out  by  the  crystallization  will  be  left  in  the 
liquid ;  and  at  the  conclusion  of  the  exi>erinient,  all  the  fragments  of  stone  at  the 
bottom  of  the  water  are  collected  and  carefully  weighed.  It  is  considered  that  in  the 
time  mentioned  (four  days),  the  stone  will  have  been  so  much  disintegrated  at  and  near 
the  surface,  by  the  forcing  out  and  washing  away  of  particles  in  consequence  of  the 
successive  crystallizations  of  the  salt,  as  to  enable  us  to  form  an  idea  as  to  its  relative 
durability.  In  the  case  of  some  limestones,  the  quantity  of  stone  lost  may  amonnt  to 
as  much  as  twenty  grains,  the  original  two-inch  cube  in  its  dry  state  having  weighed 
from  ten  to  twelve  ounces.  In  other  limestones  the  loss  has  not  amounted  to  more 
than  a  tenth  of  a  grain.  The  latter  would  be  estimated  to  be  ten  times  as  durable 
as  the  former.  In  sandstones  there  is  occasionally  no  result ;  and.  probably  no  very 
great  dependence  can  bo  placed  on  the  method,  except  in  calcarcons  rocks,  or  at  leaat 
in  thoso  which  owe  their  compactness  to  a  calcareous  cement. 

The  materials  met  with  and  commonly  used  in  this  country,  may  bo  thus  grouped  :— 
(1)  sa  fids  tout's  of  various  dogrocs  of  fineness  ;  (2)  limestones  consisting  of  carbonate  ol 
limo  more  or  less  pure,  or  mixed  carbonates  of  lime  and  magnesia,  tho  latter  being 
designated  manaesiau  limestones;  and  (3)  granites  and  other  crystalline  rocks,  including 
porphyries  and  basalts. 

Sandstones. — Tho  sandstones  or  grits  usually  consi.st  of  grain?  of  sand,  or  smill 
pebbles,  cemented  together  either  by  silica,  tho  salts  of  lime  and  magnesia,  oxide  of 
inm,  clay,  or  an  admixture  of  two  or  more  of  these.  A\Tien  the  i>cbbles  are  large^  the 
stone  is  called  a  conglomerate,  or  pudding  stone ;  and  when  the  cement  is  hard,  and 
tho  pebblos  entirely  quartzy,  the  whole  wearing  into  a  rough  surface,  or  when  thae 
ore  cells  or  empty  spaces  also  ensuring  a  rou-jrh  surfiw?c,  the  variety  is  useful  for  grind- 
ing, and  becomes  a  ffn-id^fjM  or  millstone.  The  finest  of  these  latter  arc  obtained  from 
Yorkshin.\  France,  and  Ar.iorioa,  and  have  special  use?:  lut  they  arc  different  in  no 
essential  resiHvt  frv^ni  the  buililiug-stones  or  flag-stones  of  which  they  fonn  part 
Tho  best  hard  sandstones,  splitting  freely,  and  not  used  as  grindstones,  are  grcody 
TBluod  for  i>aveTnoiit«,  and  will  lx»  again  alluded  to  when  describing  dags. 

Tho  building  matoriiils  of  this  kind  used  in  England  are  numerous,  and  indnde 
mmo  of  great  value.  From  the  carboniferous  rocks  at  Craigleith,  near  Eilinburgfa,  ii 
obtained  one  of  the  Ix^st  and  most  durable  stones  known.  Its  colour  is  lightish  gray; 
its  composif  um  upwards  of  98  per  cent.  sHiea,  with  1  per  cent,  carbonate  of  lime,  md 
a  little  earbon ;  its  cementing  medium  is  silica ;  its  weight  is  moderate,  amoonting  to 
145  lb«.  per  cube  fiH>t :  the  quantity  obtainable  is  indefinitely  large,  and  it  can  be  got  in 
Uoeks  of  any  required  length  and  bn^adth,  up  to  ten  feet  thick.  It  is  worked  in  quar- 
rio«,  in  which  there  are  fifteen  acn?3  of  stone  Ijtid  bare,  and  fifteen  m<H«  known  to  exist ; 
the  total  depth  of  stone  proved  in  the  quarries  being  2o0  fi.'et.  It  takes  npwBidi  c£ 
4000  Ibft.  on  the  squarv  inch  to  crack,  and  nearly  SOOO  to  crush  a  fair  avenge  annple; 
and  exposed  to  disiutegratiiHi  by  Brard's  pniccss.  only  three-fifths  of  a  grain  are  loit 
It  has  b^n  greatly  used  in  Ecinburch  for  all  kinds  of  buildings.  In  London  it  ii 
valued  fi^r  steps  and  landings  and  was  employed  in  the  repairs  of  Blaekfriats  Bddgft 
Its  co«Et  is  moderate, 

l>!her  ralnsiMo  sandstones  in  Encbnd  art*  c^btained  fnan  the  nmlstone  grit,  aim  • 

part  of  tho  oarlH)nifo!\nu  scri:s.     Thc^d^*  qu&rrivd  a:  Dorljy  Palo,  nejir  Matlock,  in 

IWbr8lhi^^  and  in  ^-arious  pans  of  the  same  cocnty,  and  in  York^hii  e,  are  remarkably 

pHH/.  and  much  \k>c\\.     Sas:i>Ics  of  tho  n:?:-naE;id  (Darky  Dale>  have  been  found  to 
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lesiat  pvnsnrcy  under  Bramah*s  prosA,  to  a  romarkablo  cxtcut,  not  erftckin^i^  until  tho 
weight  ftnunmtcd  to  dcyen  tons  on  tliu  square  inch,  and  only  cnuliing  at  iiiltoen  toML 
The  millitone  and  coal  grits  arc  particularly  valuablo  for  grindstoncd  aud  ilaga. 

8ome  good  atone  is  obtained  from  the  new  rod  sandstone,  lK>th  in  England  and 
Scotland— cspeciallj  tho  latter.  Tho  Storton  quarries  at  Birkenhead,  tho  Mansfield 
qoamea  in  Nottinghamshire,  and  sonio  others,  yield  a  servicenMe,  clieap,  and  good- 
looking  stone.  In  Scotland,  that  qiiamiMl  upon  Sir  William  Janline's  property,  in 
Dvmfrieadiirc,  the  celebrated  Com-Coeklo  !Muir,  is  also  of  good  and  uniform  texture, 
and  of  eron.  tints.  It  has  worn  well  whero  tried,  and  stand.^  exposure  to  the  at* 
mosphoro  of  that  part  of  Seotland.  SpoiUing-^  CnstU^^  in  lo08,  and  the  present  man* 
aim  of  Jardina  Hall,  in  1814,  were  built  of  it ;  and  tho  elii^selled  margins  of  the  pillars 
ad  comioos  of  the  latter,  aro  still  as  i^hari)  as  when  first  carved.  This  stono  can  be 
fimiiaiied  at  a  moderate  rate,  and  in  blocks  of  any  size. 

Excellent,  hard,  durable  sandstones  are  obtained  from  tlic  Wcaldcn  beds  quarried 
Kt  Tilgate,  in  Sussex ;  and  tho  Kentish  rag  is  a  material  well  known,  and  remarkable 
for  its  durability  under  tho  wo(i:st  exposure.     This  is  from  tho  beds  of  tho  lower  groen- 


•Tho  limestones  used  as  building  material  aro  chiefly  from  the 
eaiiKmiferona  limestone  and  of^litos,  though  Uie  older  rocks  come  into  local  use,  and  the 
^alk  has  been  employed  in  tho  interior  of  some  of  our  cathedrals  for  decorative  work. 
Ihe  earboniferons  limostonc  is  so  far  altered  by  metnmorpliic  action  as  to  bear  a 
pofiah  and  partake  of  the  character  of  moible ;  and  is,  there foix?,  more  fi*equcntly  met 
with  as  an  ornamental  stono  than  f«)r  ordinary  constnictivo  puiposes.  The  oolitos 
thus  remain  as  tho  principal  sources  of  builtlin^-  ^itouo ;  and  being  abundant,  conveni- 
ently placed  for  carriage,  easily  worked,  obtainable  in  large  slabs  of  good  colour,  and 
generally  durable,  they  are  very  wididy  employed  throughout  tho  middle  and  south 
of  TiinglTiH^  in  oil  the  principal  towuB,  as  will  as  in  the  metropolis.  Of  tlie  whole 
Bomber,  tho  Bath  and  Portland  oolites  are  tho  best  known,  and  those  which  are  most 
widely  employed  ;  but  several  others  enter  largely  into  use.  The  Xorthamptonshire 
ooHtea  are  bettor  than  those  from  Bath,  aud  cheaper  than  the  Poi-tland  stone ;  while 
the  Oxfordshire  atones,  and  those  from  adjacent  counties,  although  extremely  conve- 
nient^ and  much  used  locally,  are  of  indifferent  quality.  The  following  are  from 
EngUih  ^oairies,  sold  in  London : — ^Anston  stone ;  Bath  stone,  from  Farlcigh  and 
Ooombe^  Down,  Box  and  Corsham;  and  Poiidand  stono,  blocks,  roach,  &c.,  from 
Wajaaflt^  Westclifl^  and  Bill  quarries.  Besides  these,  there  ore  the  Ketton  and  J^amack 
itooef)  both  admirable  in  their  way ;  and  Anoaster  (Lincolnsliiro),  greatly  used  in  some 
q£  His  fine  chnrches  of  the  east  of  England.  These  ore  all,  to  a  certain  extent,  lami- 
mtedy  handng  been  depoaited  in  beds ;  but  they  are  so  far  changed  or  motamorphic 
ai  to  faav«  asanmed  a  peculiar  character,  from  which  their  name  oolite  is  derived,  from 
the  Greek  don,  an  egg,  and  lithos,  a  stone.  They  consist  more  or  less  completely  of 
Unmdbd  partidea^  like  the  hard  roe  of  a  fiah,  mixed  with  shells  and  fragments  of  shells, 
(nen  cryitalliiie. 

Balh  itoiift  vaiiei  a  good  deal  in  colour  and  quality  ;  it  is,  however,  usually  of  a 
wana  cream  tint,  often  streaked.  It  is  fine  grained,  and  very  soft  in  the  bed ;  but 
hardiBBa  when  taken  out  of  tho  quarry.  On  exposure  to  the  weather  in  London  and 
efaewheona  in  towns,  it  very  rapidly  injures,  in  consequence  of  tho  facility  with  which  it 
absorbs  moisture  and  impurities  existing  in  tho  atmosphere.  The  composition  on 
oialygia  ahonpra  about  94}  per  cent  of  carbonate  of  lime,  with  2\  pcx  eeiit.  ol  <&«2^QRn\^\A  \ 


; 
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of  magnesioi  and  no  silica.  It  is  capable  of  absorbing  nearly  one-third  of  its  bulk  of 
water  (2^  gallons  to  the  cubic  foot).  It  weighs  about  1161bs.  to  the  cubic  foot.  It 
disintegrates  to  the  extent  of  ten  grains  by  Brard's  process  (as  already  described). 
It  can  bo  obtained  in  large  blocks  to  almost  any  extent,  at  a  cost  of  not  more  than 
sixpence  per  foot,  cube,  at  the  quarry ;  and  in  cohesive  power  it  has  been  found  that 
good  specimens  bear  a  pressure  of  l,2501b3.  before  they  crack,  and  do  not  break  till 
they  arc  subject  to  l,5001bs.  on  the  square  inch.  The  advantages  of  Bath  stone  aie 
numerous  and  manifest ;  but  the  objections  to  it  are  also  serious.  It  appears  rarely 
to  have  been  subject 'to  exposure  without  suflTering  severely ;  and  in  some  cases  the 
whole  substance  is  disintegrated. 

Portland  offers  a  remarkable  contrast  to  Bath  stone  in  many  respects,  althougk 
both  are  oolitic  limestones.  The  former  is  much  whiter  than  the  latter,  much  harder, 
;  and  much  stronger ;  but  it  is  also  heavier  and  dearer.  Its  colour  is  white,  grayish 
i  white,  and  whitish  brown.  It  consists  of  95*2  per  cent,  carbonate  of  lime,  and  1*2  per 
j  cent,  carbonate  of  magnesia.  It  weighs  1451bs.  to  the  cubic  foot.  It  disintegrates  only 
!  2*7  grains  under  Brard*s  method ;  cracks  at  2,0001bs. ;  and  crushes  at  4,0001b6.  But  its 
:  cost  is  very  much  greater  than  that  of  any  kind  of  Bath  stone ;  although  for  slabs, 
I  steps,  landings,  and  other  purposes  where  durability  is  important,  it  is  often 
'  used.  Of  other  stones,  Ketton  resembles  Bath  stone  in  composition ;  but  it  weathers 
.  very  much  less.  It  is  about  intermediate  in  weight  between  Bath  and  Portland ; 
I  absorbs  a  good  deal  of  water,  and  is  extremely  remarkable  for  its  high  cohesive  power. 
!  Its  disintegration  is  small.  Bamack,  with  many  resemblances  to  Ketton,  is  far  less 
,  durable,  as  determined  by  Brard^s  process.  It  is  more  sheUy  in  its  composition,  but 
has  stood  well  in  numerous  buildings. 

Those  magnesian  limestones  which  are  valuable  for  building  'purposes  consist  of 
nearly  equal  parts  of  carbonate  of  lime  and  carbonate  of  magnesia,  in  a  state  of  peiftct 
combination  and  of  crystalline  textun).  The  colour  is  x>eculiar  and  agreeable,  being 
accompanied  by  a  singular  pearly  lustre.  The  specific  gravity  is  hi^,  the  best 
ston<*!S  weighing  I50lbs.  to  the  cubic  foot.  The  cohesive  power  is  very  great,  speei- 
rnens  of  the  stone  cracking  at  5«000  and  Grushing  at  8,0001bs.  to  the  square  inch  of 
surfiic«>.  The  price  in  London  is  moderate^  and  the  stones  of  this  kind  work  easilyand 
aio  t'xtztemely  durable.    They  are  used  for  the  exterior  of  the  palace  at  Westminster. 

Softer  stones«  and  even  chalk«  aiv  occasionaUy  employed  fisr  internal  work;  but 
these  an?  too  easily  injured  to  bear  any  amount  of  atmo^kherie  exposure  in  our 
dimatt^.  Besides  the  materials  commonly  adopted  fcut  intenial  woik  in  public  buildings 
^JR"  ai^o  impure  marbles,  both  ftxxn  the  oolite  and  Wealden  series  of  rocks,  toaoedj 
a  gOi^d  de«l  admired  for  small  cofaimns  in  goihic  airhiteetnze.  Of  this  kind  are  the 
Parbeirk  and  IVtwwUi  niarUes.  and  the  Forest  marble.  They  essihr  injure  on  Cb* 
poisu:^  and  in  time  1<mii>  thdr  polisbed  sui£m«.  owii^  to  the  ineqoalities  that  exist  ia 
^etr  couqpe«itioii« 

The  fiNK^gn  building  UbksIkmios  nsicd  in  En^and  ait^  &w,  but  mt  nmimportaiit 
The  bc$t  known  aiv'  the  ew^n-firuned.  ci«am><\>kHunNi  ixdiuo  $;»kics  frooi  die  nei^ 
Wuibood  of  Ca^iL  in  XormaxidT,  fomerty  snucb  enplojvd  in  the  cum>U  action  of  many 
of  our  «4itbednd&  Tbese  bav^  ahray^  and  widi  r>MtsM«  enjoyed  a  high  icpatatioa, 
and  ai^  <\^n$ideitd  the  best  caatmRal  for  intcmal  w^  in  t^  i^tdue  biakSn|gs  of  the 
piv«<^t  day.    The  quamos  of  AIlesBajne  yMsr  Cacn^  yield  a  vvry  good  qnaUtj  of  this 

€tamBlt#»^TV  jermitM  owd  im  bwldiiur  aie  ebtauMd  £raea  Oonnrnll  aad  Seoi- 
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land ;  bat  others,  of  excellent  qoality,  cxiat  in  Wales ;  and  even  in  licicestersliiro,  in 
the  middle  of  England.  Their  nso  is  confined  chiefly  to  the  more  costly  constructions, 
except  in  the  immediate  vicinity  of  the  quarries,  as  the  stone  is  far  too  hard  to  he 
easily  ohiBellod  into  conyenient  forms,  oyen  of  the  simpler  kinds.  For  ornamental 
pQiposes,  and  buildings  richly  decorated,  it  is  rarely  that  this  material  is  largely 
employed. 

Many  of  the  granites  are,  howeyer,  so  remarkable  for  durability  that  they  are  used 
with  great  advantage  for  bridges,  docks,  piers,  and  public  monuments.  The  largo 
grained  Cornish  yarieties  used  in  London  Bridge;  the  fine  polished  colimms  from 
Peterhead,  near  Aberdeen,  in  the  King's  Library,  at  the  British  Museum  ;  many  other 
interesting  and  excellent  specimens  in  England ;  and  the  noble  monuments  of  antiquity 
preseryed  in  Egypt  or  transported  to  tho  museums  of  Europe — all  serve  to  prove  the 
applicability  of  granite  for  certain  purposes.  The  porphyry  vases  of  Sweden  and 
RoBda,  and  other  ornamental  objects  manufactured  in  this  material,  may  bo  regarded 
as  proofs  of  successful  ingenuity  rather  than  illustrations  of  the  real  uses  of  tho  stone. 

Mai1ble8« — ^Various  kinds  of  stone  may  be  included  under  this  general  head.  True 
marble  consists  of  crystalline  carbonate  of  lime,  either  almost  pure,  in  which  case  the 
cobur  is  white,  or  combined  with  oxide  of  iron  and  other  impurities,  communicating 
colour.  Other  substances  are  alabaster  (sulphate  of  lime),  serpentine  (silicate  of 
lime  and  magnesia],  malachite  (carbonate  of  copper),  fluor  spar,  &c. 

Harblo,  properly  so  called,  is  sometimes  crystallized  in  a  saccharoidal  manner, 
having  the  fracture  of  loaf-sugar,  or  foliated,  and  with  a  peculiarly  even  grain.  Such 
kmdfl  are  used  by  the  sculptor,  and  axe  called  statuary  marbles.  They  are  found  in 
Greece  (Parian  marble),  in  Italy  (Carrara  marble),  and  occasionally  in  other  countries 
of  Europe ;  but  in  smaller  quantities.  They  aboiind  in  some  parts  of  India.  The 
chief  source  of  the  present  supply  is  fr^m  Carrara,  in  Tuscany. 

The  coloured  marbles  are  far  more  common,  and  are  infinitely  varied  in  tint  and 
in  the  mode  of  venation  in  which  the  colour  chicfiy  appears.  They  arc  also  very 
widely  distributed  in  most  countries  where  limestone  occurs,  in  association  with,  or 
near  to,  those  rocks  technically  called  igneous  or  metamorphic — in  fact,  wherever 
crystalline  forces  have  been  at  work.  Thus,  in  our  own  country,  the  marbles  of  Derby- 
shire (black,  gray,  red,  &c.)  and  of  Devonshire  are  well  known  and  belong  to  rocks  of 
the  older  (Palaeozoic)  period,  chiefly  of  the  carboniferous  scries,  and  the  rocks  imme- 
diately underlying;  the  marbles  of  Ireland  are  not  less  beautiful  and  abundant, 
though  less  known.  In  Belgium,  France  (especially  in  the  Pyrenees),  Spain,  Portugal, 
and  many  parts  of  Germany,  in  Turkey,  Egypt,  India,  China,  and  other  parts  of  the 
East,  and  in^ America,  these  decorative  mineral  substances  are  widely  distributed; 
while  Italy  and  Greece  have  been  celebrated,  from  the  earliest  times,  for  the  exquisite 
specimens  of  such  material  they  have  lavishly  supplied  to  their  intelligent  and  inge- 
nious populations.  The  most  celebrated  and  valuable  of  the  ancient  marbles  ore  the 
rosso  antico  (red),  nero  antico  (black),  giallo  antico  (yellow),  and  verdc  antico  (green). 
The  red  and  green  are  not  equalled  by  any  now  in  use  ;  but  the  blaek  marble  of 
Derbyshire  and  tho  Sienna  marbles  rived  the  black  and  yellow  kinds.  There  is  also  in 
Berl^shire  a  small  quantity  of  a  very  fine  red  marble. 

JJaliastex  is  widely  distributed,  though  less  so  than  marble.      The  best  and 
most  abundant  supplies  of  the  pure  white  varieties  are  from  Italy,  whence,  also,  are 
olttaincd  some  kinds  streaked  and  tinted  with  brown,  both  much  admired.  Large  quantl-    ^ 
ties  are  found  in  Derbyshire,  and  in  other  parts  of  the  middle  oi  'Ein^'Knii*,  ^syi  ^^  \ 
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nelghbourliood  of  Paris  is  also  well  supplied.  Owing  to  its  Boftness  and  texture, 
alabaster  is  easily  cut  into  any  required  form ;  but  it  does  not  harden  by  sabsequent 
exposure,  and  can  thus  only  be  used  where  it  is  not  subject  to  injury  by  atmospheric 
es^osure.  A  singular  limestone,  having  a  warm  yellow  tint  and  considerable  trans- 
parency, is  found  in  Egypt,  and  is  known  as  oriental  alabaster.  It  is  obtained  in'hnge 
blocks,  and  greatly  valued.  It  was  much  used  by  the  ancients,  but  has  only  recently 
become  ayailable  to  modem  artists.  A  large  yase  of  this  material,  remarkable  for  the 
elegance  of  its  form  and  admirable  finish,  obtained  a  prize  of  the  first  elaas  at  the 
Gisat  Exhibition  of  1851. 

Sezpentine.— A  material  of  remarkable  beauty,  capable  of  being  made  into  orna- 
ments, and  used  for  church  and  house  furniture,  &c.,  is  obtained  chiefly  from  the  lissrd 
Point,  in  Cornwall.  It  is  a  silicate  of  lime  and  magnesia,  coloured  with  iron  and 
chrome,  moderately  hard,  but  easily  worked ;  and  when  properly  selected,  and  omployed 
for  purposes  for  which  it  is  adapted,  few  marbles  can  equal  it.  A  Florentine  serpentiiie 
{ophite)  i&  much  used,  but  possesses  little  of  the  richness  of  tint  of  that  from  ComwaH 
The  Irish  Connemara  marble  is  a  variety  of  serpentine. 

BSalachite,  a  rich  ore  of  copper,  when  found  in  abundance  and  in  pieces  of  small 
Ause,  is  occasionally  met  with  in  large  circular  lumps  of  concentric  structure,  which,  when 
cut  into  veneers,  and  properly  joined,  forms  one  of  the  richest  and  most  valuable  sab- 
stances  for  decorative  purposes.  It  is  almost  entirely  frt>m  Kussia,  and  chiefly  from 
one  mine  in  Siberia,  that  the  malachite  of  commerce  is  obtained ;  althot^  dt  late 
years,  very  good  Ixunps  have  been  brought  from  the  rich  Burra-Burra  mines,  near 
Adelaide,  in  Western  Australia.  The  delicate  green  colour,  varied  by  bands  of 
deeper  tint,  and  the  extreme  beauty  of  the  texture  and  fineness  of  grain,  give  to  Ihis 
material  a  character  and  appearance  altogether  peculiar ;  while  the  costliness  of  tiie 
substance  enforces  the  limitation  of  its  use,  especially  for  doors,  chimney-pieces,  tables, 
&c.,  to  those  whose  means  enable  them  to  exhibit  it  to  advantage.  No  one  who  saw 
the  goods  of  this  kind  sent  to  the  Great  Exhibition  of  1851,  can  forget  the  almost 
barbaric  magnificence  of  the  display ;  and  some  idea  may  be  formed  of  the  cost,  when 
it  is  known  that  the  value  of  the  raw  material  is  nearly  one-fourth  that  of  the  same 
weight  of  pure  silver,  while  a  largo  loss  of  material,  and  great  labour,  is  necessary  to 
obtain  the  veneers,  and  so  apply  them  that  the  pattern  shall  be  pleasing  and  satisfactory.* 

Spazs  are  occasionally  employed  for  the  construction  of  ornamental  vases  and 
other  objects  of  luxury.  Fluor  spar,  or  Blue  John  (fluate  of  lime),  is  found  in  large 
pieces  in  Derbyshire,  and  is  especially  esteemed  for  this  purpose.  It  is  a  beantifbl 
material  of  rich  blue  colour,  and  great  transparency.  The  colour  is  frequently  modified 
by  a  partial  burning. 

SUtteSi  Slabs,  and  Flagstones.— Slates  and  slate  slabs  are  argillaceous  rocks  in  a 
peculiar  state  of  partial  crystallization,  possessed  of  the  property  of  cleavage,  or  splitting 
in  some  one  direction  quite  independentiy  of  the  original  bedding.  Other  slabs  and  flag- 
stones are  usually  silicious  rock,  combined  with  more  or  less  argillaceous  or  calcareous 
matter,  and  splitting  into  tabular  masses  of  various  size  and  thickness  in  the  original 
planes  of  bedding  or  stratification.  The  best  slates  are  obtained  from  various  parts  of 
North  "Wales,  near  the  coast ;  from  Delabole,  Tintagcl,  and  elsewhere  on  the  north  coast  of 

*  See  Jury  Reports,  p.  569,  et  aeq.  The  ralue  of  malachite,  in  a  manufactured  state,  is  about 
three  guineas  per  pound  avoirdupois,  and  the  square  foot  super  of  finished  veneered  work  contains 
about  two  pounds  and  a  half  of  the  mineral. 
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Cornwall ;  from  yarioTU  parts  of  Cumbefrland ;  and  from  the  west  coast  of  Scotland, 
generally  from  qaarrics  of  great  magnitude.  The  best  slate  slabs  are  from  Wales. 
Tbt  &Dset  slabs  and  flagstones  (not  argillaceous)  are  frx)m  Yorkshire  and  Caithness ; 
but  some  of  the  Portland  stones  (limestones)  of  the  best  quality  are  preferred  for 
internal  use,  as  for  steps  and  landings.  Excellent  foreign  slates  are  obtained  in  France, 
ehiefly  from  near  Angers,  and  in  Brittany ;  in  Belgium  from  the  Ardennes ;  in  -western 
Germany  from  ihe  Duchy  of  Nassau/  and  in  the  cast  of  Europe  from  other  places. 
Slates  and  slabs  are  also  found  in  America. 

It  is  not  usually  the  case  to  find  slates  and  slabs  in  good  condition  near  the  surface, 
where  long  exposure  to  the  weather  has  usually  disintegrated,  and  even  destroyed  the 
texture,  and  often,  by  partial  hardening,  obliterated  or  obscured  the  cleavage.  As  it  is, 
however,  entirely  from  the  superficial  rock  and  its  geological  condition  that  a  judgment 
must  be  formed,  a  certain  amount  of  experience,  combined  Tv-ith  a  knowledge  of  the 
material,  enable  the  geologist  to  judge  well  of  the  chance  of  a  valuable  quarry.  Uni. 
formity  of  texture  and  condition  of  the  rock  for  considerable  distances,  the  nature  and 
condition  of  the  cleavage,  the  direction  of  the  cleavage  planes,  the  nature  of  the  small 
TBins  of  other  material  pervading  the  slate  (of  which  there  are  always  many),  the 
presence  or  absence  of  iron  p3n:ites,  the  direction  and  magnitude  of  tho  joints — ^these 
«re  the  chief  points  concerning  which  careful  investigation  is  necessary.  But  any  or 
all  of  these  are  altogether  insufficient  to  communicate  a  market  value  to  a  property 
unless  the  essential  point  of  cheap  and  ready  conveyance  to  a  large  market  can  be 
Kcmod,  and  the  quarries  are  so  situated  that  the  waste  can  be  disposed  of,  and  the 
Taluable  part  of  the  slate  laid  bare  without  great  expense. 

There  are  varieties  of  colour,  of  texture,  and  of  hardness,  which  affect  the  value  of 
dates.  The  common  colours  are  green  and  purple,  both  of  which  may  be  good.  The 
hardness  should  be  considerable,  without  interfering  with  the  fissile  character  of  the 
material,  and  the  grain  should  be  fine.  If  large  slates  or  slabs  can  be  cut,  this  of 
oourse  adds  greatly  to  the  value  of  the  quarry. 

The  slate  quarries  in  various  parts  of  England,  "Wales,  and  Scotland,  arc  objects  of 
peat  interest,  if  only  in  a  picturesque  point  of  view ;  but  they  are  of  a  magnitude 
really  important  in  an  economic  sense.  The  Delabolc  quarry,  for  example,  in  Cornwall, 
is  opened  for  some  hundred  yards  in  length,  and  has  a  width  of  upwards  of  a  hundred 
yards,  and  a  depth  nearly  as  considerable.  The  Ballahulish  quarries,  in  Scotland,  are 
worked  in  three  terraces  facing  the  west,  tfee  total  height  of  the  workings  being  two 
limdred  and  sixteen  feet.  The  annual  produce  of  slates  is  from  five  to  seven  millions 
of  aU  sizes  (ten  thousand  tons) ;  and  the  quantity  of  waste  cannot  be  less  than  fifty 
millions  of  tons. 

But  the  great  Penrhyn  quarry,  close  to  which  are  the  Uanbcrris  quarries,  and  others, 
are  far  more  remarkable  and  valuable ;  in  the  Bangor  quarry,  in  the  extreme  west  of 
Camarvonshlre,  the  band  of  slate  (or  vein,  as  it  is  locally  called)  is  considered  to 
run  twenty  miles,  -w-ith  a  breadth  of  five  hundred  yards.  Where  long  exposed,  the 
date  is  usually  much  harder  than  is  convenient  or  profitable  to  work,  and  the  valleys 
yield  the  best  and  most  profitable  portions.  The  one  quarry  of  Penryhn,  belonging  to  CoL 
Bemiant,  has  been  opened  nearly  a  century,  and  is  worked  in  twelve  galleries  of  horse- 
ihoe  form,  one  above  another. .  Each  gallery  is  forty  feet  high,  the  highest  being  five  hun- 
dred feet  above  the  lowest ;  but  the  uppermost  slates  are  of  inferior  quality.  Upwards  of 
tiiree  thousand  men  are  employed  here,  and  the  daily  make  exceeds  five  hundred  tons. 
The  other  quarries,  though  smaller  and  less  profitable,  are  of  great  value  and  importance. 
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Flagstones. — Of  the  slabs  and  flags  used  for  paying,  cisterns,  and  varions  G&a 
purposes)  those  from  Festiniog  (North  Wales)  are  remarkable  for  their  large  size,  even 
grain,  and  great  beauty.  Those  from  Valencia  (west  coast  of  Ireland)  are  also  extiemdy 
large,  and  of  excellent  quality. 

The  Yorkshire  flags  are  fine-grained  laminated  sandstones,  from  the  miUstone  grit 
formation,  cleaving  into  slabs  of  large  size,  whose  thickness  is  from  two  or  three,  up  to 
eight  inches.  They  are  remarkable  for  their  extreme  hardness  and  toughness.  Of  the 
beds  yielding  these  flags,  there  arc  no  less  than  fifty  well  known,  and  these  are  woxked 
in  upwards  of  a  hundred  quarries  around  the  towns  of  Leeds,  Bradford,  Wakefield, 
and  Halifax.  The  Caithness  flags  are  from  the  much  older  beds  of  the  old  red  sand- 
stone, and  are  dark  coloured  bituminous  schists,  slightly  micaceous  and  calcareous. 
They,  like  the  Yorkshire  stones,  are  valuable  from  their  great  toughness  and  durability. 
They  are  not  obtained  in  slabs  so  large  as  those  found  in  Yorkshire. 

The  limestones  of  the  carboniferous  and  even  of  the  silurian  period  yield  some 
good  flags;  and  a  remarkable  fissile  bed  of  the  lower  oolitic  series  is  locally  much  used 
for  slating,  under  the  name  of  Stonesfield  slate,  and  CoUey  Weston  slate.  Coarse,  easily 
splitting  limestones  are  extensively  quarried  in  Oxfordshire,  Northamptonshire,  and 
some  adjacent  counties,  and  are  of  some  value  where  slates  are  costly, 

EOAD-MAKINO  AND  ROAD  MATERIAL. 

This  department  of  engineering  requires  a  knowledge  of  geology  and  of  the  striicture 
of  the  earth,  not  merely  in  the  selection  of  fit  material,  but  also  in  the  original  laying- 
out  of  the  line  to  bo  adopted,  whether  for  ordinary  roads  or  for  rails.  In  the  former 
case,  indeed,  local  circumstances  have  usually  entered  almost  entirely  into  considera- 
tion, and  except  in  the  colonies,  and  in  India,  there  is  little  opportunity  of  exerdsiiig 
engineering  skill  in  this  department ;  but  in  all  cases  of  new  lines  being  constructed, 
especially  where  great  works  are  required,  the  possession  of  geological  skill  is  of  the 
highest  importance  to  the  engineer  as  well  as  the  contractor.  This  is  more  easily 
recognized  in  tho  case  of  heavy  cuttings  through  doubtful  material  than  in  any  other 
way ;  and  we  need  only  point  to  the  slopes  on  the  London  and  Brighton  railway  at 
New  Cross,  or  of  the  London  and  North  Western  near  the  Euston  Station,  as  illustra- 
tions of  the  influence  of  the  London  clay  on  tho  cost  of  portions  of  road  at  one  time 
thought  little  likely  to  be  troublesome.  The  Box  tunnel  on  the  Great  Western  line, 
that  near  Rugby  on  tho  North- Western,  and  some  on  the  great  lines  in  the  manu- 
facturing districts  of  Lancashire  and  Yorkshire,  aU  afford  examples  of  the  same  kind. 

The  chief  points  in  which  a  knowledge  of  geology  is  useful  in  road-making  are, 
first,  in  the  selection  of  the  lino,  which  should  have  a  naturally  sound  foundation  of 
rock,  well  drained,  and  not  liable  to  destruction  from  mere  exposure ;  secondly,  in  the 
direction  of  the  cuttings,  which  should  have  distinct  reference  to  the  dip  of  the  strata, 
as  well  as  with  regard  to  the  slopes,  and  tho  probable  cost  of  such  works ;  and  thirdly,  in 
cases  of  tunnels,  both  as  to  the  material  to  be  cut  through  and  the  probable  intersection 
of  wet  beds.  The  first  of  these  requires  little  more  than  a  reference  to  the  superfidfll 
deposits  on  the  outcrops  of  the  beds,  and  wiU  need  little  special  information  on  the 
details  of  the  science.  The  position  of  cuttings,  as  regards  their  slopes  and  drainage, 
and  security  from  subsequent  slips,  is,  however,  more  directly  dependent  on  structure, 
and  is  more  important.  Thus  it  wiU  be  found,  that  where  the  cutting  is  in  tho  direction 
of  the  strike  of  the  beds,  there  will  be  more  tendency  to  slip  on  one  side  than  on  the 
other,  except  where  the  stratification  is  perfectly  horizontal.    The  best  direction  fi>r 
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a  cutting  is  at  right  angles  to  tho  strike;  but  this  is  not  always  possible,  and  it  is  well 
to  know  that  where  tho  beds  dip,  and  some  that  arc  permeable  are  to  be  cut  through, 
particular  care  should  be  taken  to  prevent  the  surface  drainage  irom  passing  into  6"^ 
over  the  permeable  bed  at  its  crop.  This  prevented,  the  beds  may  remain  firm  in  their 
places ;  but,  otherwise,  they  -will  sooner  or  later  slip,  and  become  very  troublesome. 

The  position  of  strata  is  often  extremely  important  in  determining  the  possibility, 
not  only  of  avoiding  slips,  but  of  tunnelling  or  sinking  shafts  without  enormous  expendi- 
ture. Thus,  in  some  cases,  the  presence  of  hard  igneous  rock  is  determinable  by 
surface  phenomena  well  understood  by  geologists,  though  not  immediately  recognised 
without  a  knowledge  of  the  earth's  structure.  The  cost  of  large  operations  of  tunnelling 
is  enormously  affected  by  such  occurrences.  In  tunnelling  through  wet  strata,  there 
are  also  some  cases  where  the  position  of  the  strata  is  such  as  to  render  the  presence  of 
large  quantities  of  water  probable ;  and  sometimes  it  happens  that  such  water  can  be 
partially  or  entirely  cut  off  by  surface  operations  bcford  the  tunnelling  is  commenced. 
Ihere  have  been  many  instances  in  which  extensive  tunnels  have  ruined  the  contractor 
Tor  the  want  of  a  little  application  of  geological  knowledge. 

The  material  for  roads  will  necessarily  depend  on  local  circumstances,  although, 
where  there  is  a  very  rapid  wear,  it  is  hardly  too  much  to  say  that  the  best  materials 
(rill  be  the  cheapest.  The  chief  quality  for  a  good  road-stuff  is  hardness,  combined 
with,  toughness,  and  a  texture  sufficiently  uneven  to  ensure  a  rough  surface  under  wear. 
rhere  are  certain  stones,  such  as  Pcnmacnmawr,  which  are  exceedingly  hard  and  of 
ine  'grain,  and  have  a  certain  value  in  some  cases ;  but  as  they  necessarily  wear 
tmooth,  they  are  ill  adapted  for  cities  exposed  to  alternations  of  wet  and  dry,  cold  and 
icat.  Granites  are  for  this  much  superior,  though  less  durable ;  as,  owing  to  their 
K>mx>osition,  which  includes  two  sets  of  crystals  of  different  hardness  (quartz  and 
leLspar),  they  always  have  a  tendency  to  retain  a  rough  surface,  giving  foot-hold  for 
Lorscs.  Those  basalts  which  do  not  readily  decompose  are  perhaps  equal  in  value  to 
granite.  It  may  be  said,  in  a  general  way,  that  all  stones  of  uniform  texture,  composed 
►f  one  ingredient,  are  imfit  for  roads  of  the  first  class.  Thus  limestone  of  all  kinds  is 
nadmissible  on  this  ground,  even  if  it  were  not  too  soft  and  too  readily  worn  into 
lust  and  mud.  Flints,  which  from  their  hardness  would  seem  valuable,  are  really 
madvisable  for  want  of  some  cause  of  roughness.  It  will,  however,  be  easily  imder- 
tood,  that  for  coimtry  roads  any  hard  material,  that  does  not  soon  work  up  into  mud 
r  grind  into  dust,  and  that  has  the'  advantage  of  requiring  no  expensive  carriage, 
rill  be  s<jlected.  It  is  well  to  remember,  in  such  cases,  that  sandstone  is  better  than 
imcstone,  and  hard  limestone  better  than  slate ;  while  basalts  and  granites  are  ex- 
cedigly  good  or  exceedingly  bad,  according  to  the  proportion  of  alkaline  earths 
especially  soda)  which  they  contain. 

BRICK  AND   POBCELAIN  CLAYS,    CEMENTS,   AND  ABTIFICIAL  STONE. 

There  are  many  materials  used  in  construction  that  require  previous  preparation 
Lnd  moulding,  and  sometimes  burning ;  and  are  made  to  assume  their  intended  form  by 
iome  mechanical  means  distinct  from  cutting  and  squaring  in  the  quarry  and  workshop. 
rhe  most  important  of  these,  in  respect  to  the  extent  of  its  usefulness,  is,  beyond  all 
ionbty  common  brick  clay,  and  those  varieties  of  clay  which  resist  high  heat.  Mortar, 
and  various  cements,  sometimes  used  to  attach  together  other  stones,  but  occasLonflXl^ 
moulded  and  used  as  stone,  next  require  consideration ;  whWoliiieftsiCt  ^•KSf^'v^s^^'^L 
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by  tliA  {K>rcc'laiti  manufacturer  and  potter,  if  inferior  to  these,  are  so  rather  in  the 
magfiiiudo  of  the  objects  manufactured  than  in  the  value  of  the  fabric. 

Bliek  Clajt  of  the  better  kind,  consists  of  a  tolerably  pure  silicate  of  alumina, 
(iomhlrusd  with  sand  in  various  proportions,  and  £:cc  from  lime  and  other  alkaline 
ingroditntu,  of  which  there  ought  not  to  be  more  than  two  per  cent.  The  relative 
ptTctntcgCH  of  silica  and  alumina  do  not  seem  extremely  important ;  and  there  is  always 
A  variable  prr;portion  of  water  present,  which  is  also  of  little  consequence.  It  is  clear 
that  for  UHO,  the  clay  must  be  tolerably  free  from  large  stones  and  coarse  particles; 
and,  m  the  principal  process  of  manufacture  before  burning  'consists  in  mixing  the 
olay  with  water  and  sand,  or  ashes,  to  a  uniform  consistency,  anything  that  would 
intcrforo  with  tJiis  process  is  injurious. 

A  certain  proportion  of  iron  is  commonly  present;  and  this,  when  the  brick  is 
burnt,  UHually  passes  into  the  state  of  peroxide,  and  gives  the  brick  a  dark  red  colour. 
Tho  animul  (!()n8umption  of  bricks  is  vcrj^  large.  In  this  country  it  amounts  to  twelve 
hundred  inillionH,  and  tho  clays  are  obtained  from  various  geological  formations. 

Fit©  Olayi. — These  owe  their  peculiar  properties  to  the  almost  entire  absence  of 
ulkiUiuu  earths,  and  of  imy  such  quantity  of  iron  oxide  that  it  could  servo  as  a  flux. 
MtUAy  exoellont  days  of  this  kind  ai*c  foimd  in  the  coal  formation  both  in  tho  Britidi 
luliuidH  and  abroad.  Tho  best  are  those  of  Stourbridge  ^Worcestershire),  some  near 
Nuweastle-un-Tyno,  and  some  near  Glasgow ;  others  of  good  quality  are  obtained  in 
Uolgium  ami  Franco.  Tho  Stourbridge  clay  is  found  in  a  bed  about  four  feet  thick, 
tti\d  iniusistH,  according  to  an  old  analysis  by  Bcrthier,  of  63-70  per  cent,  silica,  22*70 
tUuiuina,  ami  2  oxide  of  iron,  tlio  rest  being  water.*  One  of  the  clays  much  approved 
(Vf  iu  Seothmd  contains  65*20  silica,  33*-il  alumina,  '32  lime,  '13  magnesia,  -49  iron 
ca.ido,  and  '45  of  various  phosphates.  AU  tho  fire  clays  are  greatly  improved  by  expo- 
*urt>  to  woathor  bofort>  use.     In  some  cases  this  is  continued  for  years. 

F^tOtlaln  Ol&ys  ore  of  various  kinds ;  but  the  best  being  derived  from  the  decom- 
fMVMtion  of  tho  ft^lspathio  jnirtion  of  granite,  consist  of  nearly  pure  silicate  of  alumina 
(uUeti  60»  Hl\m\iua  40\  Very  lai*ge  quantitios  are  obtained  in  Cornwall  and  Devon- 
ijikir'9 — nearly  ton  thousand  tinis  of  tho  finest,  and  about  three  times  as  much  of  the 
i^mnuvner  kinds^  K^ing  annually  ox;^orted  to  our  own  potteries  in  the  Xorth  Staffoid- 
aWre  e\vil-tiold, 

Tho  u\iU\ut^oturv  v^f  poroolain  and  nv^ttory  is  an  art  that  does  not  properly  come 
Uttder  v\xu5iad<?rati\>tt  iu  tho  present  trvatise ;  and  it  i^  only  necessary  to  observe  here 
tlhftt  thoro  art>  no  known  sourer  of  supply  of  tho  raw  material  of  the  better  kind, 
03!C<^v^  thv^^  which  may  be  traood  to  the  decompositioin  of  granite. 

C%m%mtS  >— Those  are  of  various  kin>k>  cxtromely  'iistinct,  and  having  dzfioent 
Vflkwe.  The  v^ae  kind,  vlopenvlins:  tor  its  peculiar  properties  on  sulphate  of  fime, 
with  whiv'h  i:  is  uiviiv.lv.\  nxay  K'  v.vn>-\*ri»>atly  vl.^tji^irated  as  ?<^?x<.'j?rT ;  the  otho*.  In  which 
eivrK^naCo  of  Unio  t*  the  v^^^so^tial  oor:ibi~:r.^  :>ubd^jcoe,  inol^iles  mortar  and  hydnmlic 
limctk  and  ^  thi:«i  xhe  nam-,*  cvwcTt^  may  K*  aic^t.>i.  We  may  ^rst  cofn-dder  the 
v>NMi^tMI»  a*  K*ui^  liice  raaCi.*rUl  >>ir  ^.nites:  iBa^xTtaa^v  in  zianuiicturesw 

TW  «>>iNtSMttt^  s>{'  all  eeic^nfis  u;se^  ^  ;)Uach  bcivk:^  to  eaieh  od&er  is  called  mertmrf 
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and  is  proparcd  by  first  makixif^  qmeklime  (which  is  done  by  calcining  chalk  or  limestone 
in  a  kiln  until  it  becomes  decomposed,  parting  with  its  carbonic  acid  ga«,  and  passing 
into  the  state  of  a  white  or  gray  powdery  material,  greedily  abnorbing  water  "^-ith  the 
ovoLutian  of  much  heat),  and  then  making  a  paste  by  mixing  the  quicklime  with  suffl- 
dcnt  water,  and  about  two  or  three  times  it  own  weight  of  sharp  gand  or  gravel.  This 
,  miztoro  dries  slowly,  but  when  dry  l>ecfimcs  oxtrOTncly  hard,  and  flmily  attaches  itself 
:  to  the  foreign  substances  in  contact  nvith  which  it  is  placed.  When  a  layer  of  it  is 
placed  between  bricks  or  stone,  it  eenicnts  them  firmly  togcthcT. 

It  is  often  dcsirablo  to  obtain  a  cement  that  shall  dry  more  rapidly  than  commcm 
mortar,  and  under  less  fdrourablo  circtirastanccs  for  dryness ;  and  it  ia  fotmd  that  when 
a  certain  proportion  of  clay  has  Ijcen  present,  mixed  with  the  limestone  before  burning, 
(whether  naturally  or  by  preparation),  and  the  calcination  is  carefully  conducted,  and 
not  carried  too  far,  the  resulting  lime,  when  mixed  with  a  proper  quantity  of  water, 
aets  rapidly  in  a  damp  atmosphere,  and  even  under  water,  ^?uph  a  limestone  is  found 
in  the  lias,  in  the  London  clay,  and  in  yarious  other  rocks ;  and  the  residting  lime  is 
I  called  htfdrauiie  lime  or  hydranlie  cement.  The  simplest  and  strongest  of  such  cements 
,  is  obtained  when  from  10  to  25  per  cent,  of  the  stone  consists  of  silicate  of  alumina, 
and  the  rest  is  carbonate  of  lime.  The  larger  the  proportion  of  clay  in  the  stone 
catiris  paribus^  tlic  more  rapidly  tlio  cement  becomes  solid,  the  hardening  being  com- 
plete in  two  or  three  days,  when  the  proportion  amounts  to  25  per  <?cnt.,  and  taking 
diree  weeks  when  only  10  per  cent.  Much  depends  (ef<pccially  in  artificial  admixtmrcs) 
OB  the  minute  division  and  perfect  admixture  of  the  foreign  particles. 

The  kind  of  cement  known  aaHoman,  or  Farker^s,  is  made  from  nodules  of  calcareous 
matter  obtained  from  the  beds  of  the  TiOndon  clay  at  Sheppey  and  Harwich,  from  the 
I  Oxford  and  Kimmeridgo  clays  near  Weymouth,  from  the  lias  of  Whitby,  and  from 
'  similar  deposits  elsewhere.  In  all  these  cases  the  adniiitiut)  of  clay  with  tho  car- 
'  bonate  of  lime  is  natural,  and  varies  considerably  in  different  samples.  M^rdtna,  Athm- 
I  w»'*,  and  Muigrave,  arc  names  given  to  cements  of  this  kind,  offering  no  essential 

difference  in  their  nature. 
I  Fortluid  Ceateot  is  made  from  carbonate  of  lime,  mixed  with  great  care,  in 
definite  proportions,  with  the  muddy  deposits  of  rivers  running  over  chiy  and  chalk. 
The  whole  of  the  materials  arc  carefidly  pounded  together  under  water,  and  are  after- 
!  wards  dried  and  burnt.  From  various  experiments,  it  appears  that  when  well  made, 
in  good  condition,  and  properly  used,  the  value  of  Portland  cement  is  much  greater 
than  that  of  the  natural  kinds  (Roman) ;  but  in  practice  on  a  large  scale,  diffierent 
casks,^ven  from  the  same  maker,  and  made  at  the  same  time,  vary  so  much,  that  it  is 
not  saw  to  trust  it  to  a  much  greater  strain  tlian  would  be  given  to  Roman.*  It  is  not 
unusual,  in  making  use  of  these  cements  as  artificial  stones,  to  introduce  large  quanti- 
ties of  broken  stone  and  brick,  thus  making  the  material  a  kind  of  concrete.  Portland 
cement  is  said  to  make  an  admirable  concrete  when  mixed  with  about  ten  or  twelve 
times  its  weight  of  broken  stones  or  pebbles.  The  name  Portland  is  given  from  tho 
alight  resemblance  in  colour  shown  by  this  cement  to  tho  stone  so  called.  The  colour 
of  Roman  cement,  on  the  other  hand,  is  nearly  brown,  sometimes  dark  brown. 

*  Good  Homan  cement  will  bear  a  strain  of  nearly  60  lbs.  to  the  sqaaro  inch,  but  some  specimens 
▼in  break  with  20  lbs.  Good  Portland  appears  to  bear  more  than  twice  the  stridn  of  good  Koman. 
The  measure  of  the  strength  is  the  weight  that  will  drag  asunder  two  bricks  or  slabs  cemotod 
togoUier  by  ttut  diflerent  cementa  tried. \ 
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Plasters. — Gypsum  or  alabaster  (sulphate  of  Hme)  when  calcined  is  not  decom- 
posed as  common  limestone  is,  by  parting  with  its  carbonic  acid,  but  simply  loses  its 
water  of  solidification.  It  is  then  reduced  to  a  white  powder ;  and  when  this  is  again 
mixed  with  water,  a  certain  portion  is  absorbed,  a  partial  crystallization  takes  place, 
and  the  msiss  becomes  once  more  solid,  though  not  so  hard  as  before.  The  powder  is 
called  Plaster  of  Paris.  When  mixed  with  thin  glue  instead  of  pure  water,  it  farms 
stucco  ;  and  both  as  common  plaster  and  stucco  it  enters  largely  into  use  for  yarious 
purposes. 

If,  instead  of  being  used  with  water,  plaster  of  Paris  in  fine  x>owder  is  thrown  into 
a  vessel  containing  a  saturated  solution  of  alum,  borax,  or  sulphate  of  potash,  and  after 
soaking  for  some  time  is  taken  out,  re-bakcd,  once  more  reduced  to  powder,  and  thai 
moistened  with  a  solution  of  alum,  instead  of  pure  water,  before  use,  a  hard  plaster  ii 
obtained,  known  by  various  names,  but  essentially  of  the  same  nature.  This  is  now 
much  used  in  the  interior  of  houses,  and  takes  a  fine  x>olish.  Keenis  cement  is  made 
with  alum,  Farian  with  borax,  and  Martin's  with  pearlash. 

Most  of  the  plaster  of  Paris  used  in  England  is  obtained  from  Derbyshire,  Notting- 
hamshire, and  Cumberland,  from  the  new  red  sandstone,  and  beds  of  the  oolitic  period. 
A  small  admixture  of  impurity,  whether  lime  or  silica,  appears  to  be  of  no  material 
disadvantage. 

Artificial  Stones. — An  admirable  and  useful  artificial  stone  is  made  at  Ipswich, 
under  a  patent  taken  out  by  Mr.  Frederick  Ransome,  and  is  now  entering  largely  into 
use  for  filtering-slabs,  chimney-pieces,  vases,  and  decorative  architectural  work  of  all 
kinds.  It  consists  of  sand  moulded  with  a  fluid  silicate  of  potash,  and  afterwards  baked 
in  a  kiln.  The  fluid  silicate  is  obtained  by  exposing  flints  to  the  action  of  caustie 
alkali  in  a  steam  boiler  at  a  high  temperature.  The  subsequent  burning  changes  the 
fluid  silicate  into  a  glass ;  so  that  the  goods,  when  completed,  consist  of  nothing  more 
than  the  particles  of  sand  cemented  together  by  this  glass,  and  are  altogether  unchange- 
able by  ordinary  exposure  to  damp  and  frost. 

The  other  artificial  stones  in  common  use  arc  composed  of  fire-clays  of  vaiiou 
kinds,  and  are  more  properly  called  terra  cottas.  They  all  contract  greatly  in  burning, 
and  in  this  respect  are  far  inferior  to  Eansome's  stone,  above  described,  which,  from  its 
nature,  suffers  no  contraction,  and  scarcely  any  alteration  of  form  in  the  kiln.  The 
best  terra  cottas  (kiln  burnt)  are  made  in  France,  and  the  manufacture  has  there 
obtained  a  high  state  of  perfection.  Various  attempts  in  England  have  met  with  par- 
tial success ;  but  the  imequal  contraction  of  the  material  is  a  difficulty  rarely  sur- 
moimtcd.    The  best  clay  used  for  this  purpose  is  the  purest  fire-clay. 

THE  GEOLOGY  OF  MDVEHAL  FUEL. 

In  treating  this  part  of  our  subject,  it  will  be  well  to  begin  with  some  account  of 
fuel  generally,  and  the  sources  of  supply  of  this  most  important  substance.  The  process 
of  combustion  being  simply  the  rapid  combination  of  certain  substances  with  oxygen, 
with  the  evolution  of  heat,  it  is  clear  that,  although  mineral  fuel  alone  is  that  com- 
monly employed  at  the  present  day  in  our  own  coimtry  on  a  large  scale,  there  are 
numerous  substitutes  concerning  many  of  which  natural  history  has  to  deal. 

Of  all  these  substances,  wood,  peat,  and  coal  arc  in  daily  use,  and  best  answer 
the  required  conditions ;  but  it  may  be  quite  as  well  to  know  that,  under  other  condi- 
tions, other  substances  altogether  different  might  be  employed.  The  greediness  with 
which  some  metals  (for  example,  potassium  and  sodium,  the  bases  of  potash  and  soda) 
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attnet  oxygen  ia  so  remarkable,  and  the  quantity  of  heat  ovolyod  bo  great,  that  when 
thrown  into  water,  the  water  is  rapidly  decomposed,  and  these  metals  bum  with  the 
most  extraordinary  vehemence.  Other  illustrations,  having  the  same  object,  arc  not 
unfreqnently  shown  by  the  chemist ;  and  it  is  certain  that  in  this  case,  as  in  many 
otiien  in  which  certain  arrangements  seem  to  us  absolutely  essential  to  the  existence 
of  life,  and  really'are  so,  as  for  as  our  experience  of  life  extends,  are  by  no  means 
neoessary,  and  probably  may  not  be  universal.  Many  very  largo  and  important  bodies 
in  the  universe  may  imdoubtedly  be  so  totaUy  imlike  our  earth,  in  what  seems  to  us 
its  most  essential  characteristics,  that  we  must  givo  up  at  once  and  for  ever  the  hope 
of  understanding  the  state  of  existence  of  organic  being  in  such  bodies,  and  must 
asBome  that  the  arrangements  so  necessary  for  us,  «o  varied  and  ingenious  in 
their  character,  and  so  perfectly  adapted  for  their  purpose,  form  but  one  series  out 
of  an  infinite  group  of  adaptations,  concerning  the  nature,  object,  and  extent  of 
wMch  it  would  be  equally  foolish  and  impossible  to  speculate  with  the  knowledge 
we  can  hope  to  obtain  on  this  earth.  Thus  it  must  always  remain  altogether  con- 
jectural in  what  way  the  sun  is  a  source  of  heat  to  the  various  planets,  satellites,  j 
and  comets  of  our  solar  system. 

It  will  be  imderstood  then,  that  for  all  the  various  occasions  on  which  fire  is 
required  on  this  earth,  a  certain  consumption  of  fuel  is  necessary ;  and  that,  in 
icme  shape,  carbon  is  the  essential  ingredient  in  supplying  this,  as  weU  as  many  of 
the  wants  of  man.  Pure  carbon  exists  as  a  mineral  in  no  less  than  three  totally 
listinct  states ;  first  as  diamond,  crystallized,  extremely  hard,  and  in  excessively  small 
{uantity ;  as  graphite  or  black  lead,  also  partly  crystallized,  but  in  a  different  way, 
racy  soft,  and  moderately  abundant ;  and  lastly  as  anthracite,  not  crystallized,  but 
band  in  large  or  small  masses,  and  sufficiently  abundant  to  be  a  very  useful  and  valu- 
ible  faeL  Mixed  with  more  or  less  hydrogen  and  a  little  ash,  this  same  elementary 
•ubstance  appears  plentifully  distributed  in  some  limited  districts,  where  it  is  known 
mder  the  general  name  of  coal ;  while  in  a  still  less  pure  state,  but  also  as  the  chief 
ngredient,  we  find  it  forming  the  essential  portion  in  all  vegetable  substances,  as  well 
18  in  those  acctmmlations  of  trees  and  moss  which  are  known  in  various  garts  of  the 
radd,  and  are  called  by  ns  peat-turf,  moss,  bog,  &c.,  lignite,  and  brown  coal. 

TlM  StoXMi  of  Fool. — ^It  has  been  intimated  that  the  chief  sources  of  fuel  are 
ither  those  stores  of  carbon  secreted  by  the  vegetable  kingdom,  and  consisting  of  the 
moody  part  of  trees ;  those  accumulated  heaps  of  vegetable  matter  which  have  escaped 
leeay  or  combustion,  and  become  bedded  in  large  masses  in  peat  bogs ;  and  those 
reatly  altered  accumulations — still,  however,  of  vegetable  origin — which,  as  coal, 
>im  in  some  places  very  extensive  and  thick  beds,  capable  of  being  extracted  with 
ifinite  advantage  to  man. 

K  A  forest  of  trees,  extending  over  a  wide  tract  of  country,  is  undoubtedly  a  very 
nportant  and  useful  store  of  fiiel.  Making  a  calculation  of  a  very  rough  kind,  it 
'oold  ajypcar  that  a  square  mile  of  forest  land,  covered  by  twenty  thousand  trees,  each 
mtaining  on  an  average  two  cubic  yards  of  solid  fire-wood,  would  be  equivalent  to 
bout  an  acre  of  coal  six  feet  thick  (ten  thousand  tons  weight),  or  to  three  acres  of  turf 
f  the  same  thickness  (two  yards).  In  tropical  countries  there  are  many  thousands  of 
[uare  miles  thus  covered  with  forest ;  in  d^mp  temperate  climates  there  are  thousands 
f  acres  of  turf ;  and  in  various  districts  are  thousands  of  acres  also  of  coal— the  thick- 
ess  being  often  far  greater  than  has  been  estimated,  even  on  an  average  of  extensive 
istriots.    Now,  when  we  consider  that  a  ton  of  coal  will,  on  an  averajsje,  evaporate 
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utnw]y  ti(t4i<:n  htindrcfl  ^raUons  of  water,  and  that  six  gallons  of  water  evaporated  in  an 
hour  U  tbo  cquival'mt  Ut  a  horse-jxywer,  the  practical  bearing  of  this  waj  of  regarding 
tlif)  HijliJo<:t  will  \h}  recop^DLsedj  and  the  resources  of  fuel  understood. 

It  Ih  tu ft  in  Knglaml,  nor  oven  in  the  noble  and  extensiye  forest-districts  of  central 
or  nortlutrn  Kiiroix?,  tliat  wo  must  look  for  the  development  of  vegetable  life  on  a  large 
tvmln.  In  many  plan<!«,  ind«;e'l,  such  forests  may  be  seen  as  those  we  have  estimated 
{il)f)V«  ;  fiiit  i\u;rti  aro  otlior  dwlricts — sources  of  fael — which  arc  far  more  remaikaUe. 
Tlmt  riyinn  which  o^-iitipics  th«  great  river-basins  of  the  Orinoco  and  the  Amazon,  in 
rtoiitli  Ainfrrica,  in  i»<!r}ia])i»  tlie  nw>st  marvellous,  and  is  well  worthy  of  notice.  It  has 
iMM-n  (U'Avyihi'ti  by  Humboldt  as  no  truly  impenetrable,  that  it  is  impossible  to  dear  with 
iin  Jix",  for  nionj  thiiii  a  fow  paccH,  any  passage  between  trees  of  eight  or  twelve  feet  in 
d'uiuu'tor.  Thu  urea  of  IIuh  district  is  about  twelve  times  that  of  all  Grermany. 
'rhrcMi;/li<MiJ,  thcjo  rtnoniK  to  bo  hardly  any  space  not  occupied  by  woody  vegetation ; 
i\}V  MiM  iiitorvalH  lictwccsn  th(3  trees  are  filled  up  by  an  undergrowth  of  plants,  forming 
II  <«>iiipftrt  wall,  only  intcrHiH^tod  by  tlie  rivers  and  a  fow  paths  made  by  the  larger 
••iirnlvoroii.-i  anitnalK  IVoni  the  interior  to  the  water-side.  In  one  place  we  are  told, 
wluTc  tlif«  river  had  niirrowcMl  to  about  tlireo  hundred  yards,  it  flowed  in  a  perfectly 
Mtn»ln:ht  lliH»,  c'lichiHod  (m  each  side  by  dcnao  wood.  "  The  margin  of  the  forest  presents 
lit  tliin  part  n  siiifjjular  appcjmiucc.  In  front  of  the  almost  impenetrable  wall  of  giant 
trunkM  of  liHM'M  (lirn»  ri«ort  from  tlio  sandy  boach  of  the  river,  with  the  greatest  regn- 
lurity,  u  low  lu»dg(^  only  four  foot  high,  consisting  of  small  shrubs.  Some  slender 
thority  puhuH  s^tnnd  woxU  and  tlio  wholo  resembles  a  close  well-pruned  garden  hedge, 
hiivit)^  ottly  octMisioual  opouinga  at  considei*able  distances  from  each  other,  doubtless 
innilo  hy  tin*  larger  tpiudnipoila  to  gain  easy  access  to  the  river.  When  startled,  these 
auiiiiaN  \\o  not  iittompt  to  break  through  the  hedge,  but  walk  along  between  the 
rivt^r  and  tho  lunlgt^  until  they  have  rcachetl  the  nearest  opening,  when  they  disappear 
thrtmgh  it,'* 

It  nu»y  iiitort\'»t  s^uno  n^idors  to  know  tlie  equivalent  of  this  amount  of  vegetatioiL 
in  *Hv;d.  Taking  thv*  im^a  of  tliis  district  at  two  millions  of  square  miles  (two-thirds 
or  th«t  iwstunuHi  by  lluwlnddtX  and  the  average  height  of  the  vegetation  thirty  fieet^ 
>v\»  eaiuuvt  t^i«tinlato  tho  wholo  quantitT  of  vegetable  matter  existing  at  any  one  time  oa 
tho  ituHi^i^  at  K\Hi  thiUi  thirty  millions  of  millions  of  cubic  ymrds  (or  tons).  In  actual 
rtioK  j»noh  a*  *H)id»  ihi»  \\\)uld  probably  not  K*  available  to  the  extent  of  more  than  onei 
thuNi  imiii^M  y  tim  nuUiv>ns  txf  niiUions  of  tuns  of  coaL  Now  this  may  be  regarded 
,^?i  atnuil  a  huudrtsl  timo*  the  quantity  present  in  the  South  Welsh  coal-field,  an  ana 
v\^  iW{«rl\  a  thou:«and  A\\iaxv  miles.  It  appears  henov\  that  the  quantity  of  eoal) 
xK^jsvaUksI  in  ^  hxuitt^l  ;m\i  in  the  :omperate  Jtvne*  Uv>?  npB::;arkaQle  for  ihiek  Tegetatioii, 
',54  J>kv:i;\  :i:v.vs  i::Tx'>Atcr  than  tho  ^\hoIo  ^i:,*r.ti:\  o:  Vv.sr.:r.:i:n  that  could  giownpoa 
;!ui  *jHfcvv  at  v^tt%^  ua^^  uudor  tlu*  mwjc  »rv»itracl.»  eireusststanctTs  that  can  be  imagined 
in  u\«fi<4l  vUm,l^^  U  should  be"  n^:ao3kbec«NL  in  making  so^h  oateulatiana,  that 
xf^tHTi^^vr  vucuiv  i*  !S,u*  w\u:do  in  pn.>vidinc  varf  scores  cf  any  kf:ni,  she  is  eqaaUj 
vnux^tV!  10  ^»Ytdx^  ttte«U;s  toir  :h*tr  rvmcT*'  by  T:irious  vnitLj*»  j«  i:iMy  acting  with 
A  T«p*h?y  us^fN-  %uxk:fes'>rtt  asNV^ffC  uiw  Vio  ±a»  of  :itf  trv^-ics  witi  empty  a  tree  in 
A  t^'w  hs^ftrik  Wvtn^  osdy  the  >Mrk. 

U  i*  w\'v!  Tv^  Vr\*w  5i.**p«iLuw:  v'X  tfc»  x*rt  aacuat  o«  vvstoclA^  macR-  in  the  tropica, 
^MW  '•Af  r-iv  v.vi:xvr«rv  ^'  r^tpciitY  wi:h  wisci  ;:  raiy  jiiv-jafi-.^ciliy  be  heaped 
tv^r^rtifcipr  iuw  ^cxudowi^  isnisTKrraccibii'  W  oexSiycj  iXjosarv :  ;c3  li^rax  aataie  is  con- 
**»«ftr  ^  sN'itrw  v^T  c^JO^^  «?>i  be«  « 'ofrr  «aaa  rart  <rf  wcistt  exact  is  amy  one  tine 
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is  pomiMiflntlY  rctoinud  in  anything  liku  tUo  soiuo  tihape.  Thus  in  thcso  forests 
when  a  troe  dies  it  soon  bocomuB  a  prey  to  insects  which  dovoiu-  the  last  fragment  of 
woody  fibro ;  and  thcdc,  u^n,  tanu.  the  fuud  of  larger  animals.  Tho  carbon  thus 
enters  into  new  arrangements  and  performs  a  lengthened  course,  uidy  at  intervals; 
and  by  accident,  as  it  weix',  beeomes  fi.'k^ed,  but  tlicn  rarely  in  the  fuiin  of  peat  car  ooal 
availablo  for  fuel. 

Tho  value  of  wood  is,  however,  cxtrcmtly  great,  as  in  many  paits  of  the  world 
no  other  fuel  can  bo  obtained,  exctpt  at  such  cost  as  to  rondc'r  it  practically  u.<eless. 
It  is  generally  estimated  that  ouo  pDUud  of  green  wood  Vi^ill  evaporate  about  five 
pomids  of  water,  a  pound  of  dry  wov>d  seven  ]j(>uiids,  and  a  pound  oi  pure  charcoal 
fourteen  pounds.  AVood  always  retains  a  certain  portion  of  water,  generally  as  much 
as  20  per  cent.,  even  >vhi.'n  air-dried.  It  consists  of  about  50  per  cent,  or  one-half 
carbon,  and  from  42  to  40  per  cent,  oxygen,  the  rest  being  hydi-ogen  and  earthy 
matter,  chiefiy  potash,  .soda,  lime,  silica,  and  iion. 

'Wood  is  either  used  in  a  natuTid  or  partially  dried  state,  in  which  case  there  is  con- 
siderable loss  tram,  the  quantity  of  water  actually  prc^juut  and  the  additional  quantity 
produced  by  tho  hydrogen  and  oxygen  during  combusticu,  or  eke  in  a  chaiTcd  state> 
the  volatile  and  combustible  ingredients  being  driven  off  by  burning  in  a  closo  vessel 
or  chamber.  By  burning  in  paitially  open  heaps,  from  14  to  10  per  cent,  of  charcoal 
is  obtained  from  green  wood,  but,  when  chaiTcd  in  close  ovens  or  retorts,  upwaids  of  25 
per  cent,  can  be  produced.  The  advantage  of  the  latter  process  will  ajipear  by  com- 
paring these  results  with  the  relative  values  of  the  dilferent  fuels,  as  given  above. 
Thus  100  lbs.  of  green  wood  evaporate  500  lbs.  of  water,  lleduccd  to  charcoal  by  the 
heating  in  ovens,  the  quantity  of  fuel^woidd  be  reduced  to  2.3  lbs. ;  but  tlie  water  eva- 
porated would  be  foui'tecn  times  this  quantity,  or  350  lbs.  It  is  evident  that  the  reduc- 
tion to  charcoal  involves  a  certain  loss  uf  fuel  in  all  cases  ;  but,  on  the  other  hand,  a 
considerable  advantage  is  gained  for  many  purposes,  owing  to  the  increased  value  of 
the  fuel  and  diminished  cost  of  transport ;  since  about  36  lbs.  of  charcoal,  once  made, 
arc  capable  of  evaporating  as  much  water  as  100  lbs.  of  A\ood,  while  they  do  not  occupy 
one-third  of  the  space.  The  cost  of  transport  is  thus  much  less  considerable,  and  tho 
advantage  of  reducing  the  wood  to  charcoal  is  easily  seen.  Of  common  woods,  oak 
and  pine  are  tho  most  valuable. 

The  time  required  for  the  full  growth  of  forest  wood  for  fuel  varies  naturally  in 
different  dimates,  and  according  to  the  prevalent  species  of  trees.  Xot  more  than  two 
per  cent,  of  the  actual  quantity  of  well-grown  wood  existing  at  a  given  time,  in  a 
given  space,  can  be  regarded  as  annually  available.  Most  parts  of  the  world,  however, 
▼ill  be  fbund  to  possess  a  large  quantity  of  timber  within  a  reasonable  distance,  until 
civilization  has  so  far  advanced  as  to  limit  the  range  of  forest  land,  and  cheek  the 
natural  increase.  After  this,  the  only  fit  source  of  fuel  is  either  from  peatrbogs  or 
from  the  mineral  kingdom,  in  some  shape  or  other. 

The  simplest  and  least  altered  vegetation,  embedded  in  accumulated  masses  within 
the  earth  or  lying  on  its  surface,  is  that  found  in  low  and  damp  situations,  where 
water  is  easily  retained  at  the  surface  for  want  of  natiu-al  drainage,  where  aquatic 
or  marsh  plants  abound,  and  where  trees  are  occasionally  buried  in  rapidly-growing 
bogs.      Such  masses  are  called 

Peatf  ox  Turf-bogs.— Near  the  surface  the  layers  of  vegetable  matter  {turf)  arc 
generally  light,  spongy,  and  manifestly  of  vegetable  origin.  Deeper  in  the  bed  tho 
teztore  is  more  compact,  the  colour  darker,  the  vegetable  chaiactcx  ^gi<^^^  ^  Si  ^  ^  \ 
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lYTCOgnizabli;,  and  tho  ash  in  larger  proportioiL  Under  this  form,  and  under  the  name 
pmt^  tho  wcif^ht  of  the  cubic  foot  is  nearly  double  that  of  turf,  but  the  quality  is  not 
improrcd.  ITie  aah  which  remains  after  burning  varies  from.  15  to  30  per  cent.,  and 
thirro  in  gcnrrrally  a  large  proportion  of  water  present,  even  when  the  i)eat  has  been 
wcjU  air-driftd,  so  that  the  heating  power  does  not  exceed  two-fifths  that  of  coal. 
After  deducting  the  ash  and  coal,  there  still  remains  less  than  60  per  cent,  of  carbon 
in  ordinary  peat,  the  rest  bcing'oxygcn,  nitrogen,  and  hydrogen  gases. 

In  some  countries,  and  within  certain  limits  of  climate,  the  growth  of  peat  bogs  is 
nxtroni(.'ly  rapid,  and  tho  extent  of  surface  thus  covered  enormously  great.  But  these 
limits  are  well  marked ;  and  although  within  their  range  the  quantity  of  fuel  thus  ob- 
tiiinablo  is  extremely  large,  its  quality  is  somewhat  inferior,  and  tiie  cost  of  transit, 
even  to  very  short  distances,  renders  it  scarcely  possible  to  use  it  extensively.  Various 
molhodrt  have  boon  tried,  from  time  to  time,  to  dry  and  compress  the  peat,  to  render  it 
compaet  nn<l  more  combustible  by  soaking  with  tar,  and  to  render  it  more  available  by 
charring,  llio  success  of  such  methods  is  at  present  imperfect.  Most  of  the  com- 
])r('HS(Hl  ])(^atH  still  contain  too  largo  a  per  centage  of  ash  and  water,  and  the  charcoal  is 
of  too  loose  a  texture,  and  too  bulky,  to  answer  the  requirements  of  a  first-rate  fuel. 
Ihit  tho  charcoal,  although  too  light  for  fuel,  except  when  the  turf  has  first  been  com- 
proitHod,  is  vory  valuable  in  tho  manufacture  of  gunpowder,  for  various  sanitary  pur- 
poBOS,  and  for  manure,  while  the  products  obtained  in  its  formation  (when  the  charring 
is  porfornuMl  in  a  close  vessel),  are  of  considerable  value.  The  finest  peat-cokes  are 
gvnorally  obtained  from  tho  light  open  turfs  obtained  from  near  the  surface  of  a  bog. 

Ireland,  Holland,  and  some  parts  of  Germany,  are  remarkable  for  the  large  extent 
of  Hiirfaeo  at  tho  piTsent  time  occupied  by  bog.  *  In  the  former  country  nearly  one- 
seventh  of  tho  whole  island  is  thus  covered,  and  the  depth  varies  iroim  a  few  feet  to 
thirteen  or  fourteen  yards,  being  much  greater  even  than  that  in  particular  spots.  In 
various  other  parts  of  Europe  -v-ast  deposits  of  similar  kinds  occur,  and  the  economical 
fu\ployn\ont  of  prat  fuel  is  a  matter  whose  importance  it  would  be  impossible  to  exag- 
gt^«\tc.  Tho  turf»  as  usually  obtained,  yields  nearly  75  per  cent,  of  volatile  matter, 
and  (hm\  2  to  10  per  cent,  of  ash  ;  although  sometimes  much  more.  The  qualities 
vary  extremely  in  dittorent  bogs,  and  would  probably  require  different  treatment  to 
v\n\dor  them  iH\>uv>naoally  available.  From  some  recent  experiments,  by  Sir  R.  Kane, 
it  54*v»U5»  Ukoly  that,  in  particular  cases,  the  value  of  the  products  is  so  considerable  as 
ti*  j\is^tif\*  an  claVmito,  and  even  costly,  mode  of  treatment,  at  least  in  the  way  of 
exiH'riment. 

!Llsait««— In  many  parts  of  Europe,  and  even  in  the  British  Islands,  there  are  found 
larfto  aecumulativ>ns  of  jviurtly  altered  vt^table  matter,  known  sometimes  as  li^itf,  and 
9\>metime«  called  *rwr«-Aw/.  This  suK^tanee  is  hard,  compact,  and  comparatiYely  heavy; 
and  elU»  r^^n^^  ib^  wxxly  texture,  although  somx^  portions,  almost  crystalline,  and  of  a 
Uw*  black  cvvlvHir,  ttv>rm  an  impuw  variety  of  jet.  Jet  itself  is  Ibimd  under  somewhst 
»inular  ciTvnmi$t:!atox"^  ihi  bein^  heated,  Hgnite  often  bums  with  difficulty  and  wiA  a 
vliita^\**Me  odv.>ur,  and  is  found  to  contain  some  "waiter  and  a  good  deal  of  ash.  The 
av;jttb*b^t^  ^xv*pv>rtiv>tt  of  carbon  varies  from  50  to  70  per  etnt. :  but  titis  camoot  readily 
W  v^t;utt^  in  a  cottTcnicttt  state  by  charring:,  owing:  to  the  mechanical  state  of  tiic 
carK>tt  in  the  uun^fral,  and  the  volatilo  prvxiucts  an?  rarely  separated  with  advantage. 

'rW  chief  depvMitJ  of  lijtikite  are  m^t  with  in  central  Europe,  in  or  near  the 
bjjfcsuii»  v>f  tlte  princqMd  ririrrk  Is  wote  easKS  dfeeir  mass  ts  enonnwBdr  grest ;  bat  in 
,^>vcttre.TlMtt  l^r  we  SM>v)Kr«  so  eoesciinnitlif  as  ^  peat  bo^  and  aie  equally  unlike 
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tbo  regular  ooal  bands.  But  little  lue  has  hitherto  been  made  of  those  beds  on  a  largo 
scale  and  for  manufacturing  purposes;  although  for  household  fuel  they  hare,  for  some 
years,  entered  into  ordinary  consumption  in  Styria,  and  in  the  Duchy  of  Nassau. 
They  haye  been  employed  in  England  for  pottery  works,  but  are  of  littlu  importance. 

Coal  ia,  at  present,  tho  only  really  valuable  and  available  source  of  fuel  on  a  largo 
scale,  for  important  and  extonsive  operations.  It  is  far  superior  to  wood  as  a  com- 
bustible, being  nearly  equal  in  this  respect  to  pure  charcoal.  Tho  finer  kinds  contain 
but  little  ash.  Some  varieties  are  valuable  for  their  volatile  products,  yielding  large 
quantitiea  of  gas  for  lighting,  and  much  tar,  besides  various  useful  substances ;  others 
consiat  of  almost  pure  carbon ;  while  others,  again,  contain  such  an  admixture  of  volatile 
and  inflammable  ingredients  that  the  coal  readily  takes  fire,  burning  with  much  heat  and 
great  ateadinesa.  A  hundred  pounds  weight  of  coal  occupying,  when  solid,  about  one 
and  a  half  cubic  feet,  will  evaporate,  when  perfectly  consumed,  as  much  as  l,2001bs. 
of  water  from  the  boiling  point.  The  same  volume  of  oak  charcoal  would  weigh  less 
than  121bs.,  and  only  evaporate  about  ISOlbs.  of  water.  The  same  volume  of  solid 
wood,  well  dried,  woidd  weigh  about  451bs.,  and  evaporate  2701bs.  of  water.  The  sumo 
volume  of  light  turf  woidd  weigh  about  30lbs.,  and  evaporate  340  lbs.  of  water ;  while 
this  quantity  of  good  lignite,  though  weighing  as  much  as  llOlbs.,  would  still  only 
evaporate  SOOlbs.  of  water.  This  mode  of  estimating  by  space  is  of  the  most  practical 
kind,  as  the  cost  of  transport  depends  on  the  facility  of  packing  a  large  quantity  on  a 
truck  or  in  the  hold  of  a  vessel ;  and  the  value  of  coal  is  thus  seen  to  be  very  considerably 
greater  than  that  of  any  other  fuel,  the  original  cost  of  obtaining  being  assumed  as 
equal.*  Practically  also  it  is  found  that  where  it  exists  in  thick  beds,  the  working 
expenses  in  getting  coal  are  smaller  than  for  other  fuels. 

Although  coal  is  very  widely  spread  over  the  earth,  and  exists  in  some  districts  in 
enormous  quantities,  these  ore  stUl  so  limited,  and  their  value  depends  so  much  on 
geographical  position,  that  the  actual  use  of  the  mineral,  as  a  fuel,  is  greatly  limited. 
The  several  well-known  coal-bearing  districts  in  our  own  islands  need  only  be  referred 
to  generally  as  among  the  most  valuable  in  the  world  for  position,  available  quantity, 
and  excellence.  On  the  east  side  of  England  we  have  the  great  Northumberland  and 
'  Durham  coal  field,  with  half  a  million  of  acres  of  workable  coal,  approachable  in 
various  places  along  an  extensive  coast  line  with  several  good  ports,  admitting  of  the 
best  and  cheapest  transport.  In  South  Wales  there  exists  a  yet  larger  area,  in  which 
thicker  and  equally  valuable  beds  can  bo  worked  ;  and  there,  also,  tho  coast  presents 
a  number  of  convenient  ports  jfrom  which  the  coal  can  be  shipped.  In  the  interior,  a 
vast  tract  in  Yorkshire,  Lancashire,  Derbyshire,  Staffordshire,  and  Shropshire,  larger 
in  extent  than  the  other  two  districts  together,  is  not  only  adapted  to  supply  the 
interior  of  England,  but,  by  means  of  railroads,  competes  successfully  in  the  metropolis 
*  even  with  the  better  coal  conveyed  by  sea  from  the  north.  In  Scotland,  the  valley  of 
the  Clyde  is  equally  rich,  and  scarcely  less  important ;  while  in  Ireland  each  province 
poflBCSses  coal  areas,  which  ore,  indeed,  now  but  little  worked,  but  which  may  here- 
after prove  of  great  value.  On  the  continent,  Belgium  is  especially  rich ;  France  and 
Germany  possess  stores  of  mineral  fuel,  the  former  especially,  of  considerable  extent, 
though  placed  for  in  the  interior  ;  Spain  has  large  and  excellent  beds,  those  in  the 

I 

I  •  The  form  and  size  of  the  separate  fragrments  or  blocks  in  vhich  the  fuel  can  be  obtained  mani- 

§e^j  afllects  this  calcnlatioii.    Those  fuels  that  pack  most  closely  thus  possess  an  advantage  which    . 

muBt  be  taken  into  consideration.  N^^ 
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Astuiias  not  unfayourably  placed  for  present  use ;  wliile  Russia  is  proyided  with,  this, 
in  addition  to  her  many  other  sources  of  wealth.  In  various  jMuts  of  Asia  the 
existence  of  coal  is  well  known ;  but  the  details  are  not  yet  sufficieniiy  rcfported  to 
enable  us  to  judge  as  to  the  extent  of  resources  of  this  kind  actually  to  be  depoided 
on.  Several  remarkable  and  important  coal  fields  are  known  in  India,  and  witiun  a 
very  sbort  period  the  stores  of  this  mineral  on  the  shores  of  the  Black  Sea  are  likely  to 
come  into  active  use. 

Rich  and  favoured  as  England  and  the  old  world  have  proved  to  be  in  minenl 
fuel,  North  America  is  far  richer,  and  its  future  promises  yet  grander  resulti. 
Making  a  liberal  deduction  for  unproductive  portions  of  the  fields,  we  cannot  estimate 
the  area  of  available  coal  as  less  than  twenty-five  millions  of  acres  in  the  Unitod 
States,  and  ten  millions  elsewhere.  If,  however,  we  assume,  as  a  very  rough  approx- 
imation, that  there  are  in  all  fifty  millions  of  acres  of  coal-bearing  beds  on  the  earth's 
surface,  and  that  their  average  thickness  is  ten  yards,  and  if  we  take  the  present  con- 
sumption throughout  the  world  at  fifty  millions  of  tons  per  annum,  it  will  appear,  from 
a  very  simple  calculation,  that  there  exists  a  supply  at  least  equivalent  to  the  con- 
sumption of  fifty  thousand  years  at  the  present  rate.  We  need  hardly  trouble  ourselTa 
at  present,  therefore,  with  any  alarm  for  the  future,  even  if  many  new  uses  and  appli- 
cations of  fuel  should  be  discovered,  without  the  corresponding  discovery  of  new 
sources  of  fuel. 

Like  wood,  peat,  and  lignite,  coal  usually  contains  a  certain  proportion  of  inflam- 
mable and  bituminous  ingredients,  which  it  is  sometimes  desirable  to  remove  befine 
using  the  fuel.  For  this  purpose  the  coal  is  burnt  into  cokey  either  in  heaps,  or  marc 
usually  in  ovens  constructed  for  the  purpose,  each  holding  about  two  tons  of  coaL  The 
result  is  a  very  hard  brittle  mass,  very  dense,  and  of  a  steel  gray  colour.  A  quantity 
varying  from  10  to  as  much  as  60  per  cent,  of  the  weight  of  coal  is  lost  by  coking ;  and 
the  value  of  coke  as  fuel  is  about  one-fifth  greater  than  that  of  an  equal  weight  of 
the  coal  from  which  it  was  made. 

Having  now  passed  in  review  the  various  kinds  of  fuel  used  for  ordinary  heating 
purposes,  and  having  seen  that  of  all  these  coal  is  the  most  valuable,  and  the  best 
adapted  for  general  use,  we  shall  find  it  interesting  to  consider  more  closely  the  exact 
nature  of  this  substance,  and  the  circumstances  under  which  it  appears  to  have  been 
formed.  I^sented,  as  we  know,  amongst  the  earths,  and  clays,  and  stones  that  make 
up  the  external  film  or  crust  of  the  earth,  formed  manifestly  under  very  similar  cir- 
cumstances, and  in  association  with  water,  proved  both  by  its  own  texture  and  struc- 
ture, and  by  the  frequent  presence  of  leaves  and  trunks  of  trees,  to  be  very  closely 
connected  with  the  vegetable  kingdom,  there  now  remains  no  doubt,  in  the  minds  of 
observers,  that  this  mineral  fuel  is  nothing  more  than  a  modification  of  what  is  still  so 
abundant,  and  so  rapidly  multiplied — the  pleasant  green  covering  of  the  earth,  the 
herbs  of  the  field,  the  trees  of  the  forest,  or  the  rank,  luxuriant  growth  of  the  swamp. 
It  is  to  these,  and  these  only,  that  we  owe  the  stores  of  brilliant  black  stone  whidi 
are  more  valuable  for  England  than  many  Californias  or  Australias.  To  those  we  arc 
indebted  for  the  means  of  rendering  available  our  ores  of  iron,  our  copper  and  lead 
ores,  and  our  position  for  trade  and  manufactures  of  aU  kinds,  which  together  are  the 
sources  of  our  national  greatness  ;  and  therefore  it  is  well  to  go  back  a  little,  to  seek 
out  the  history  of  the  tribes  of  plants  that  once  grew  in  these  latitudes,  whoso  remains 
have  been  handed  down  from  generation  to  generation,  and  which  still  exist,  to  hdp 
us  to  the  solution  of  some  of  the  most  singular  and  difficult  problems  in  natural  history. 
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SomHiuBg  lias  been  already  inid  on  this  Bubjoct  (see  p.  86),  but  some  further  remarks 
■■[miiiii  ihemselTes. 

.  Of  all  the  plants  which  dofhed  and  decorated  our  land  at  the  timo  of  the  deposit  of 
these  large  accumulations,  since  oonycrted  into  coal,  only  a  very  few  species  seem  to 
ha?e  been  xotained  in  such  form  as  to  admit  of  their  being  now  made  out  satisfactorily. 
At  leufb,  we  are  bound  to  assume  this  from  the  limits  within  which  the  yarious  spe- 
ciBuna  are  confined,  including  as  they  do  only  the  leayca  (fronds)  of  ferns,  in  a  very 
imperfeot  and  mutilated  state ;  detached  tnmks  and  roots,  in  which  it  is  doubtful 
vlieliier  we  really  sec  the  external  surfeuic  or  not ;  a  few  cones  and  nuts,  and  still 
fewer  fragments  of  flowers  and  fructification.  Interesting,  and  occasionally  very 
iwwiUful,  as  these  are,  they  arc  singularly  unsatisfactory  in  bringing  us  to  conclusions 
ooneeming  the  climate  and  other  conditions  that  prevailed  in  different  parts  of  the 
world ;  but  they  arc  all  we  have  to  depend  on,  and  we  must  endeavour  to  make  out  as 
many  points  as  possible  on  which  wo  may  be  satisfied. 

The  ferns  and  allied  plants  appear  to  have  been  infinitely  more  abundant  in  the 
fibrmation  of  coal  than  any  other  tribe ;  and  it  would  scorn  that  these  plants  were  at  one 
time  distributed  over  the  northern  hemisphere  within  wide  ranges  of  latitude,  to  an 
extent,  and  with  a  degree  of  uniformity,  to  which  there  is  now  no  parallel.  In  some 
respects  this  is  indeed  the  cose  in  the  southern  hemisphere,  since  in  a  [few  islands, 
especially  Van  Dieman's  Land  and  New  Zealand,  the  ferns  are  extremely  plentiful, 
ohddng  plants  of  larger  growth,  and  admitting  no  undcr-growth  of  smaller  species. 
The  climate  in  such  cases  is  temperate,  equable,  and  damp,  and  the  variety  of  species, 
botb  of  ferns  and  flowering  plants  (especially  the  latter)  extremely  small.  Many  of  the 
ferns  found  fossil  were  very  closely  allied  to  those  now  living ;  but  while  the  total 
number  of  species  met  with  in  the  British  Islands  is  now  only  about  fif fcy,  the  com- 
paratively  small  areas  worked  for  coal  have  already  laid  open  for  investigation  more 
than  three  times  that  niunbcr.  Judging  from  what  we  know  of  the  present  habits  of 
similar  plants,  there  is  no  reason  to  conclude  that  any  other  change  of  climate  is  thus 
indicated  than  would  be  produced  by  a  different  arrangement  of  the  land  and  water. 

«  A  climate  warmer  than  ours  now  is  *  would  probably  be  indicated  by  the  presence  of 
an  increased  number  of  flowering  plants,  which  would  doubtless  have  been  fossilized 
with  the  ferns ;  whilst  a  lower  temperature,  equal  to  the  mean  of  the  seasons  now 
prevailing,  would  assimilate  our  climate  to  that  of  such  cooler  climates  as  are  charac- 
terised by  a  disproportionate  amount  of  ferns.  This,  then,  is  an  argument  unfavour. 
aide  to  the  theory  of  central  heat  having  warmed  the  surface,  or  of  the  direction  of  the 
poles  being  so  altered,  as  to  have  exposed  Great  Britain  to  a  tropical  climate." 

Among  the  more  important  of  the  coal  plants,  forming  a  very  mcu'ked  feature  in 
almost  every  coal  field,  appearing  in  all  the  beds  near  ooal,  and  distributed  j&om  Spain 
to  Scotland,  and  from  Eastern  Russia  to  the  Alleghany  mountains,  are  those  singular 
tnmks  of  trees  known  to  fossil-collectors  and  naturalists  under  the  name  of  SigUlaria. 
Upwards  of  sixty  species  have  been  described,  but  the  definitions  ore  very  imperfect ; 
and  these  fossils  are  but  too  weU  known  to  miners  under  various  names,  such  as 
"bottoms"  and  "  beU-moulds,"  which  are  stumps,  often  only  a  few  feet  high,  but  many 
yards  in  circumference  at  the  expanded  base,  harder  than  the  shales  in  which  they  occur, 
and  when  loosened  from  below,  readily  foiling,  unless  propped,  and  often  thus  the  cause 
of  serious  accidents.  Besides  these  stems  or  stools,  innumerable  rootlets,  often  traceable 
from  them,  permeate  in  every  direction  most  of  the  fine  pure  clays,  underlying  coal  ixL 
•  Dr.  Hooker.    Memoirs  of  Geological  Survey,  vo\.  ii.,  ^.  ASi^. 
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some  of  the  principal  ooal-fidds.  These  rootlets,  however,  and  the  huge  lomided 
masses  with  which  they  are  connected,  as  well  as  larger  roots,  which  also  abound,  aze 
nsually  called  Stiffmaria  (see  figure  page  83)  ;  although  it  is  now  pretty  certain  that 
the  so-called  Stigmana  is  really  the  root  of  Sigillaria. 

It  seems  clear  that  the  SigillarieB  were  trees  of  brittle  and  open  tissue,  easily  pressed 
flat,  even  by  their  own  weight,  after  decay.  They  had  cylindrical,  straight,  and  wans. 
times  lofty  trunks,  growing  probably  like  palms,  with  great  rapidity,  and  ftfignniing 
from  the  first  their  full  dimensions  in  diameter,  but  leaving  broad  deep  scars  by  the 
falling  off  of  leaves,  which  may  possibly  have  been  like  those  of  the  zamia,  and  not 
unlike  some  ferns  in  appearance.  It  is  clear  that  a  slender  column,  rarely  two  inches 
in  diameter,  passed  obliquely  through  the  trunk,  and  that  the  roots  were  of  compara- 
tively large  size,  and  extended  horizontally,  radiating  like  tho  spokes  of  a  whed. 
Nothing  is  positively  known  of  the  foliage  of  this  tree,  although,  as  stated  above,  it  is 
conjectured  to  have  been  fern  or  zamia-like. 

Not  far  removed  from  the  Sigillaria  was  the  tree  called  Lepidodendron  (see  page  88), 
of  which  about  forty  species  are  described,  and  of  whose  trunk,  branches,  leaves,  and 
cones  a  very  satisfactory  knowledge  has  been  obtained,  although  the  roots  have  not 
been  identified.  The  name  is  given  from  the  scaly  appearance  of  the  trunk  left  by 
decayed  leaves.  The  tree  diminished  gradually  in  |size  towards  the  top,  and  branchod 
at  an  acute  angle ;  the  number  of  branches  being  sometimes  fifteen  or  twenty.  These 
branches  were  covered  with  simple  longish  leaves,  spirally  arranged  round  the  stem  or 
twig.  They  are  supposed  to  have  resembled  the  club-mosses,  some  of  which  grow  to 
rather  considerable  size  in  New  Zealand,  although  in  no  case  do  they  now  approadi 
the  condition  of  a  tree. 

The  only  other  very  common  and  characteristic  plant  of  the  coal  measures  is  that 
known  as  the  Calami fe  (figure  page  83),  and  generally  described  as  representing,  in  a 
gigantic  and  exaggerated  form,  the  common  mare's- tail  (Equisetum)  of  our  marshes. 
In  form,  growth,  and  some  conditions,  there  appears  much  similarity ;  but  there  are 
also  some  essential  points  of  difference.  Calamites  abound  in  some  beds  near  the  coal; 
and,  like  stems  of  Sigillaria,  they  are  generally  flattened  and  horizontal,  though  they 
have  also  been  found  vertical  and  in  groups. 

The  changes  that  have  reduced  vegetable  matter,  as  seen  in  the  fields  and  forests, 
to  the  state  of  coal,  were  manifestly  very  peculiar  and  local ;  for  there  is  no  reason  to 
doubt  that  most  parts  of  the  earth  have  from  the  earliest  time  been  clothed  with  vege- 
tation, while  true  coal  exists  only  in  comparatively  few  districts,  and  is  almost  limited 
to  a  single  one  of  those  numerous  periods  described  by  geologists,  each  marked  by  tilic 
deposit  of  important  mineral  accumulations  and  distinct  groups  of  fossils.  The  nature 
of  the  change  is  still  obscure ;  for  in  many  cases  there  is  little  evidence  to  show  what 
was  tho  vegetation  of  which  the  coal  was  really  made  up,  although  quite  enoui^ 
to  satisfy  us  of  the  prevalent  plants  and  trees  capable  of  leaving  behind  trunks  and 
leaves  for  examination. 

Now  it  is  clear  that  the  mass  of  vegetable  matter  forming  coal  must  either  haye 
grown  where  we  find  it,  or  must  have  been  transported  thither  and  accumulated  by  the 
action  of  water.  If  it  grew  on  the  spot,  it  might  either  have  been  in  the  way  of  moss 
forming  peat  bogs,  or  a  continued  accumulation  of  leaves  and  trees,  there  being,  in 
cither  case,  a  possibility  of  the  deposit  being  continued  till  it  had  attained  a  vast  thick- 
ness, judging  from  the  nearest  parallel  instances  at  the  present  day.  If  it  were  drifted, 
it  may  either  have  been  so  by  rivers  or  marine  currents'. 
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The  balance  of  evidence  with  regard  to  these  two  poseible  causes  may  certainly  be 
regarded  as  in  fayonr  of  an  accmnnlation  on  low,  flat,  marshy  land,  constantly  exposed 
to  the  intrusion  of  large  quantities  of  mud  or  sand,  brought  by  marine  cuirents  irom 
some  moderate  distance,  and  constantly  exposed  also  to  slow  depressions  of  the  land, 
similar  to  those  now  taking  place  from  time  to  time  in  Italy  and  the  Mediterranean, 
on  ilie  west  coast  of  South  America,  and  in  other  yolcanic  countries. 

The  coal  exists  in  beds  varying  in  thickness  from  the  tenth  of  an  inch  to  a  hundred 
feet  or  rnxxre.*  These  usually  repose  on  fine  clay,  which  is  penetrated  in  every 
direction  by  the  roots  of  plants,  and  shows  no  mark  of  the  conveying  current  being 
Strang  enough  to  carry  along  trunks  of  trees.  On  the  other  hand,  the  beds  above  coal^ 
if  nndy^  often  exhibit  proofs  of  such  power  in  the  broken  state  of  the  leaves  and 
twigSy  and  the  prostrate  tnmks  lying  in  every  direction.  Not  imfrequently  the  coal 
has  been  found  very  intimately  connected  with  its  imderlying  bed  or  floor,  showing  the 
relation  that  might  be  expected  between  a  mass  of  miscellaneous  vegetation  and  the 
groond  on  which  it  has  grown.  The  main  difficulty  to  be  explained,  in  taking  this 
view  of  the  origin  of  coal,  is  the  very  frequent  depression  that  must  have  occurred,  and 
the  immediate  or  rapid  reproduction  of  land  in  a  state  to  bear  a  similar  growth  of  trees 
and  ]^ant8  to  be  again  destroyed.  It  should  be  mentioned,  indeed,  that  in  thick  seams 
tiboe  is  rarely  any  continuous  true  coal  of  good  quality  without  intermediate  clayey 
or  sandy  bands,  often  black,  and  sometimes  capable  of  being  burnt,  but  altogether 
distinct  from  the  coal  itself.  That  many  depressions  do  take  place  in  volcanic  districts, 
wxtih  alternations  of  repose,  and  even  of  elevation,  is  now  well  known  from  actual  obser- 
vatioEn  and  measurement ;  and  that  a  long  period  of  time  was  required  for  the  formation 
even  of  a  single  bed  of  coal  of  only  moderate  thickness  is  equsJly  certain.  Although, 
however,  it  is  not  improbable  that  the  existence  of  a  large  proportion  of  the  various 
beds  of  coal  may  be  well  explained,  by  supposing  that  the  vegetable  matter  of  which 
(hey  are  composed  grew  on  the  spot  as  trees,  there  is  yet  no  impossibility  that  other 
modes  may  in  some  cases  have  prevailed,  and  that  peat  bogs  and  drift  wood  may  also 
sometimes  have  supplied  the  requisite  carbon. 

The  change  that  has  taken  place  in  producing  coal  from  leayes,  wood,  stalks,  or 
moss,  is  yery  considerable,  and  seems  to  have  required  either  the  lapse  of  a  long  period 
of  time,  or  some  circumstances  productive  of  chemical  action  of  a  peculiar  kind.  The 
eomponent  parts  of  all  vegetables  are  chiefly  carbon,  oxygen,  and  hydrogen ;  but  a  con- 
siderable part  of  the  two  latter  elements  are  in  the  state  of  water,  and  a  certain  per 
eentage  of  earthy  matter  and  alkalies  is  also  present.  The  water  is  sometimes  actually 
ninetj  per  cent  of  the  whole  plant,  but  generally  in  wood  it  forms  from  eighteen  to 
fifty  per  cent.  After  a  time,  by  pressure,  and  exclusion  frt>m  the  atmosphere,  this  water 
is  to  a  great  extent  got  rid  of,  and  the  carbon,  if  unable  to  combine  with  oxygen  in  the 
QiiaTal  progress  of  decay,  is  preserved  for  an  indefinite  period,  together  with  the  earthy 
md  ftiwiiwft  ingredients.  As  time  advances,  further  changes  take  place ; — ^the  external 
bnn  beocmes  altogether  lost,  and  eyen  the  texture  is  confused ;  but  in  this  state  again, 
vDod  can.  remain  for  a  very  long  time  without  further  alteration,  and  if  then  exposed 
to  tiie  air,  it  forms- the  imperfect  fuel  described  as  lignite.  When,  however,  either  by 
die  inflnenoe  of  time  or  chemical  action,  a  further  change  takes  place,  the  proportions 
vf  tiie  gaaes,  and  also  of  the  mineral  iogredients,  are  found  to  alter  essentially ;  so  that 

'  *  la  Bag  land  the  beds  no  -where  exeeed  forty  feet ;  but  beds  of  lignite  exist  in  rarioas  parts  of 
^Mfi  ■  Oenaany,  and  in  Styria,  -whose  thickness  exceeds  a  hundred  feet;  and  true  coal  is  found 
a  the  department  of  Aveyron,  Central  France,  in  beds,  one  of  which  alone  is  upwards  of  fifty  yards. 
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wear  wrmy  expoiiod  partioM  of  the  eurtli,  tajdnmawo  thorn  to  a  digtance.  fivcxyBhowor 
of  miimar,  erny  froit  of  winter,  ereiy  itream  running  over  the  ground,  every  w«¥0 
belting  agmnst  a  6\itt,  or  rolling  ihinglo  on  tho  eea-boach,  hel|»  to  biing  about  tius 
zanlt ;  and  even  the  plante  and  trees  growing  on  tho  aoil,  and  tho  nniTnale  cTorywhon) 
presont  both  on  land  and  in  water,  all  do  tlicir  gharo  of  this  important  work.  The 
ineeea  of  woariag  away,  and  ro-dopositing  that  which  has  boon  rcnioTcd,  is  thns  as  . 
eontiniiooa  aid  inonaMwt  as  tho  lapse  of  timo  iticif ;  and  accumulations  are  now  being 
■adeiy  tiboogih  generally  out  of  eifi^t,  which,  in  course  of  time,  would  appear  as  bods  or 
ttnta,  often  of  no  slight  dcmenaions,  but  for  the  most  part  quite  horizontal. 

Then  ia  probably  no  such  thing  in  this  world  as  an  unchanging  and  imifbnn  condi- 
tion of  things,  oven  in  thoao  solid  and  apparently  unalterable  masses  of  rock  buried 
hwiifth  hnndreds  or  thaiMands  of  fSrat  of  other  minerals,  and  far  away  from  dMonrM 
tsoB.  CfSEtainly,  in  the  accumulations  made  at  the  bottom  of  water,  a  transition  state  ia 
ftaft  whieh  immediatnly  oommenoes  and  prorails  for  an  indefinite  period,  since  the  mud 
sf  a  fbw  oantuxies  ago,  which  once  contained  an  admixture  of  all  kinds  of  animal,  Tege» 
tahhy  and  nunenl  matters,  has  now  bocome  half  consolidated,  its  impurities  eollootbig 
together  or  given  off  in  gas.  Afterwards,  .and  while  continuing  to  hordon,  it  contraets 
aad  becomes  oraokcd,  undergoing  at  tho  same  time  a  certain  amount  of  re-arrangomcnt 
of  tiie  atomi— the  nmd  becoming  cither  clay  or  limestone,  according  as  it  is  argillaceoos 
or  oaloanoos,  and  assuming  gradually  that  semi-crystalline  structure  so  frequontty 
obaervable,  and  causing  the  mass  to  separate  readily  into  regular  blocks  and  thin  flhns. 
In  the  oonrso  of  time  so  great  a  change  has  takon  plaoo,  that  were  it  not  for  tho  inoon* 
tastiUe  evidenoe  of  mechanical  arrangement  and  fossil  contents,  it  might  often  be 
Aoobted  whether  the  regular  bods  seen  in  section  in  a  sea  cliff  were  really  once  more 
■nddy  aocumulationfl,  and  whether  tho  bond  of  shells,  bones,  or  coal  had  its  origin, 
M  we  know  it  hod,  in  umilar  heaps  of  organic  matter. 

Thoji  it  arises  that  a  coal  bed,  seam,  or  vein  (for  it  is  colled  by  all  theso  names),  is 
BOt  80  simple  a  thing  as  might  at  first  bo  imagined.  It  is  ono  of  a  number  of  phcno- 
■BDS  whioh  must  be  oonsidorod  together,  and  with  reference  both  to  events  going  on 
oow,  and  to  others  formerly  taking  place  over  lorgo  areas.  It  is  not  quite  what  it 
nsma,  finr  it  has  a  history  of  its  own,  involving  a  long  succession  of  events,  tho  last  of 
iriiich  was  the  elevation  of  the  bed  into  its  present  position.  Wo  have  already  seen 
BuKt  cool  is  not  now  a  mere  mass  of  vegetation,  though  formerly  existing  in  this  condi- 
kioa.  It  is  so  finr  changed  as  to  have  bocome  a  mineral,  alternating  in  beds  with  other 
■inerala ;  altered  by  them,  and  having  helped  to  alter  them ;  broken  up,  re-nmted, 
Sftad  imgiilarly,  partially  worn,  and  occasionally,  perhaps,  drifted  in  mass.  One  coal 
Mm  abo  mely  exists  alone.  Whatever  the  reason  may  be— and  it  is  undoubtedly  very 
dMnno— -the  oaoses  that  have  produced  a  deposit  of  vegetation  have  generally  acted  so 
kr  flt  intends,  that  it  is  more  usual  to  find  a  number  of  moderately  thin  beds  than  one 
v  two  thick  ones.  But  however  this  may  be,  the  essential  change  has  been  supev- 
bdnaed ;  tka  vegetation  no  longer  exhibita  ite  cellular  structure  and  original  spiral 
panib  tsoept  at  raze  intervals;  it  no  longer  contains  water,  but  instead  of  water  it 
^ammam  tiw  ekmenfeary  gases,  oxygen  and  hydrogen,  of  whioh  the  water  was  composed, 
Mk  fldbced  with  tiie  carbon,  the  essential  base,  and  forming  the  oarbonio  acid  gas  sad 
sarbnretted  hydrog^en,  which,  exuding  afterwards  when  the  coal  is  broken,  are  the 
fartils  jamne  of  the  great  dangers  to  which  coal  mining  is  more  eq^ially  exposed.. 

Hw  2UHCD  dbangM  to  be  oansidend  «re  <1}  tiie  sAomio  altsratitms  whioh  make  the 
nwrntisl  diflference  between  ordinary  vegeteble  matter  and  mmend  eoel;  lasi  (^itte 
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mechanical  alterations  of  position  wMch  render  it  possible  to  work— from  the  surface  of 
the  earth  in  hill  sides,  or  at  depths  rarely  much  below  the  sea  leyel — a  vast  series  of 
deposits  originally  formed  at  or  below  the  sea.  It  will  also  be  fitiy  considered  in  tius 
place  how  far  geological  age  is  important  in  reference  to  the  probable  existence  of  troe 
coal  in  a  district. 

Spealdng  in  a  general  way,  and  without  introducing  technicalities  unsuited  to  liie 
occasion,  we  have  seen  that  coal  differs  from  wood,  peat,  lignite,.and  other  yegetaUe 
•fiiels,  in  haying  parted  with  almost  all  the  essential  ingredients  of  vegetation  eae^ 
carbon;  while,  on  the  other  hand,  it  differs  from,Tarious  mineral  substances,  of  'vhidi 
carbon  is  the  essential  ingredient,  by  still  retaining  at  intervals  indications  of  the  actual 
structure  of  organic  existence,  as  developed  in  the  vegetable  kingdom.  These  are,  it  is 
true,  in  a  state  utterly  invisible  to  the  unassisted  eye,  but  they  readily  yield  the  secret  of 
the  origin  of  the  substance  to  the  microscopic  observer.  At  the  same  time  it  is  rightio 
remind  the  reader  that  the  steps  are  very  gradual  between  organic  matter  loaded  irith 
■mud  and  other  similar  impurities,  and  clay  loaded  with  organic  matter  derived  from 
vegetation,  and  communicating  the  peculiar  and  essential  features  of  a  oombustibie 
substance.  So  difficult  is  it  to  draw  this  lii^e,  and  so  littie  had  scientific  men  thoo^ 
it  necessary,  or  found  it  possible,  to  create  an  actual  definition  in  reference  to  this  point, 
that  within  a  short  time  a  very  important  question  arose  in  the  Scotch  courts  of  law  as 
to  whether  a  lease,  granting  the  right  to  mine  coal,  should  be  understood  to  covers 
certain  mineral  substance  highly  ioflammable,  and  valuable  for  gas,  but  not  really 
available  as  fuel.  Owing  partiy  to  the  fact  that  the  lessor  in  the  particular  case  bad 
himself  regarded  this  bed  of  bituminous  shale  on  which  the  question  arose  as  a  real 
coal,  the  question  was  decided  in  favour  of  the  lessee.  But  about  the  same  time  a 
similar  question,  in  respect  to  the  same  material,  as  to  whether  it  should  be  admitted 
on  paying  duty  as  a  coal,  or  be  passed  free  as  a  shale  in  the  German  customs'  union, 
was  settled  the  other  way,  the  mineral  being  admitted  as  a  shale  eminentiy  useful  for 
certain  purposes,  but  not  a  true  mineral  fuel.  Certainly  if  coal  is  to  be  defined  as  a 
mineral  fuel,  and  bituminous  shales  are  distinct,  the  fact  of  a  substance  being  valueless 
as  a  fuel  after  being  deprived  of  its  gas,  is  of  some  importance. 

The  essential  peculiarities  of  coal  as  a  mineral  vary,  however,  very  greatiy ;  and 
this  not  merely  in  hardness,  colour,  texture,  weight,  fracture  and  other  mineralogical 
characteristics,  but  also  in  actual  composition,  both  positively  as  regards  the  total 
quantity  of  carbon  it  contains,  and  relatively  as  to  whetiier  this  is  associated  onthe.ooe 
hand  with  considerable  volumes  of  gas  capable  of  entering  into  combination  with 
carbon ;  and  on  the  other,  whether  the  proportion  of  earthy  impurities  is  so  large  that 
the  heating  powers  are  dissipated  and  lost  before  they  can  be  applied  to  get  up  steam 
in  a  boiler.  All  true  coal  is  nearly  free  from  water ;  but  the  oxygen  and  hydrogen, 
originally  contained  as  aqueous  fiuid,  are  often  large  in  quantity,  and  interfere  wiA 
the  efficient  use  of  a  coal  as  fuel. 

Bituninoiu  Coal.— There  are  various  kinds  of  coal  obtained  from  mines  worked 
in  the  true  coal  fields,  which  may  be  grouped  iuto  bituminous  coal,  steam  coal,  nA 
anthracite.  Of  the  first,  the  cannel  is  a  remarkable  variety,  the  coarser  kinds  of  it  banig 
called  in  Scotland  ^^ parrot"  and  sometimes  splint  coal.*    It  contains  from  Ibrtyto 

*'  Splhit  ooal  is  a  name  sometimes  giren  to  these  less  bitmninons  rarieties  of  Sooteh  eaimel ;  tat 
it  is  also  glTen  elsewhere  to  hard  and  highly  bitominons  coals  which  bom  with  flame,  bat  have 
Utile  resemblaiice  to  eami^ 
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necrity  nztyper  cent,  of  yolatilo  matter,  and  the  proportioii  of  carbon  rariea  within  the 
anne  limits.  It  bams  readily,  taking  fire  like  a  candle,  and  giving  a  bright  lig^t,  and 
muoh  smoke.    The  ash  raries  from  about  four  to  ten  per  cent.* 

This  eoal  yields,  on  destmctiye  distillation,  a  very  large  quantity  of  gas,  and  is 
profitably  used  for  that  purpose.  The  gas  is  not  only  largo  in  quantity,  but  remark- 
sUy  pure,  and  of  excellent  quality  for  purposes  of  illumination.  There  is  a  large 
quantity  of  this  kind  of  coal  in  the  Scotch  coal  fields,  and  it  has  also  been  found  in  the 
Newcastle  district,  in  the  Wigan  portion  of  the  Lancashire  coal-field,  and  in  the  Tork- 
shire  and  Derbyshire  coal  fields.  America  yields  canncl  cool  in  Virginia,  Kentucky, 
T^^ti^^Tiftj  Illinois,  and  Missouri.  Canncl  coal  passes  into  jet,  and  may,  like  jet,  be 
wcnked  into  yaiious  ornaments ;  but  it  is  brittle,  and  not  yery  hard.  The  seams  are 
genfirally  rather  thin,  although  there  are  several  important  exceptions,  in  which  the 
qiumtity  is  very  considerable.  The  coal  of  Belgium,  from  one  baiin  (that  of  Mous)> 
seems  to  be  of  this  kind. 

Another  and  fkr  more  abundant  kind  of  bituminous  coal  is  that  obtained  in 
Kdrthumberland  and  Durham,  and  commonly  used  in  London,  and  everywhere  on 
tiia  east  and  south  coasts  of  England.  This  kind  is  also  highly  bituminous,  bums 
with  much  flame,  and  takes  fire  readUy ;  but  it  swells  and  alters  its  form  while  burning, 
often  assuming  a  striking  and  very  peculiar  appearance.  This  caking  coal,  as  it  is 
caHed,  yields  on  an  average  of  several  analyses,  about  57  per  cent,  of  carbon,  about 
37*6  volatile  matter,  and  5  per  cent.  ash.  Its  specific  gravity  is  1*257,  but  sometimes 
higher.  It  leaves  a  red  ash  in  an  open  fire,  but  requires  to  bo  deprived  of  its  volatile 
matter  before  being  exposed  to  a  strong  blast,  owing  to  its  tendency  to  cement  together 
in  a  solid  mass,  and  prevent  a  free  draught  through  the  grate  or  frimace  in  which  it  is 
employed.  Not  only  the  coals  of  the  Newcastle  coal  field  in  England,  but  most  of 
those  of  France  and  Belgium  generally,  of  Bohemia,  and  Silesia,  in  Europe,  and  of  the 
valleys  of  the  Ohio  and  its  tributaries,  in  North  America,  arc  of  the  caking  bituminous 
kind. 

The  coals  of  Staffordshire,  Yorkshire  and  Derbyshire,  lioncashirc.  North  Wales, 
and  many  other  districts,  contain  nearly  or  quite  as  much  bituminous  and  volatile 
matter  as  those  of  Newcastle,  but  do  not  cake  and  swell  in  the  fire,  and  may,  there- 
fare,  be  employed  directly  where  strong  heat  is  required  without  previous  coking.  The 
rx>ke  obtained  from  these  coals  is  little  altered  in  appearance.  The  coal  bums  freely, 
with  flame  and  much  heat,  but  is  generally  considered  somewhat  inferior  for  household 
purposes  to  that  of  Newcastle.  It  yields  50  to  60  per  cent,  carbon,  35  to  45  volatile 
matter,  and  a  small  quantity,  often  less  than  5  per  cent.,  of  ash.  The  ash  is  often 
white.  Most  of  the  coals  from  the  inland  counties  readily  show  white  lines  on  the 
edges  of  the  beds,  owing  to  the  pressure  of  argillaceous  earth,  which  effloresces.  In 
this  respect  they  are  less  adapted  for  general  use  than  the  Newcastle  coal,  but  many  of 
them  are  of  excellent  quality. 

BtBtaa  CoaL — ^Next  in  order  to  the  coals  of  the  midland  counties  generally, 
axe  those  of  some  parts  of  North  Wales,  and  many  districts  in  South  Wales,  which 
contain  a  larger  per  centage  of  carbon,  very  little  volatile  matter  and  bitumen,  and  often 

•  Specimens  of  the  so-called  '*  Boghead  eoalt"  obtained  from  Jorbane  hill,  yielded  on  analysis  as 
much  as  78  per  cent,  volatile  matter,  and  upwards  of  20  per  cent,  of  earthy  ash.    Other  specimens 
yteUed  from  82  to  38  per  cent  of  earthy  ash.    In  these  cases  from  27  to  43  per  cent,  of  residuum  was 
obtaSaed  on  distilling  off  the  gas,  but  of  this  Arom  75  to  nearly  90  per  cent,  was  eaTthY  «BJlVb»csmL«. 
hustlble,  so  that  the  material  did  not  yield  an  available  coke  that  cou\d  be  Toed  «a  tns^. 
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;  butUtUe  ask ;  which  hum,  howoYer,  freely  and  without  smoke',  and  are  w«U  ladaptod 

'  foo:  steam  purposes  and  the  manufacture  of  iron,  or  where  a  strong  blast  and  gc^at  hesi 

are  required.    Such  coals  exist  not  only  in  England,  bui  in  France,  Saxony,,  sod 

Belgium  to  some  extent.    They  are  apt  to  be  tender  or  powdery,  dirty4oo3cing,  and  of 

comparatively  loose  texture,  but  thoy  often  stand  exposure  to  the  weather  withoat 

alteration  or  injury.    They  are  called  steam  coals,  and  the  inferior  kinds  ara  knovn 

.  aa  culm.    They  contain  of  carbon  81  to  85  per  cent,  of  voLatile  matter  11  to  15,  sad 

'  of  ash  3  per  cent,  or  thereabouts; 

Amthxacite.— The  last  kind  of  coal  is  called  **  anthracite,"  and  it  coiuiata  almost 

exdusivcly  of  carbon.    This  coal  ia  also  called  non-bituminous,  as  the  steam  coal  u 

.  aemi-bituminous.    The  anthracites  contain  from  80  to  upwards  of  95  per  conL  oarbosi, 

I  with  a  Httlc  ash,  and  sometimes  a  certain  small  per  contago  of  Yolatilo  matter.    Xbay 

;  are  heavier  than  common  coal,  take  fire  with  difficulty,  but  give  an  intense  heat  whoa 

:  in  full  combustion  with  a  strong  draught.     Anthracites  occur  abundantly  in  the  western 

.  part  of  South  Wales,  in  the  south  of  Ireland,  in  France,  Saxony,  Bussia,  and  in 

Pennsylvania  and  in  North  America,  and  the  use  of  them  is  greatly  on  the  incrsasei 

I  Amongst  other  uses,  this  kind  of  ooal  is  employed  in  hop  and  malt  drying,  and  also  ia 

!  lime  burning,  with  great  advantage,  but  its  diief  use  is  in  the  manufactune  of  iroo. 

:  The  appearance  is  often  bright,  with  a  shining  irregular  fractura ;  the  coal  is  often  haii|» 

but  some  varieties  are  tender  and  readily  fractured.    The  ash  of  the  anthnudte  ooaiii 

;  generally  white.    As  a  general  rule,  the  anthracites  are  deficient  in  hydrogen,  but  coBr 

I  tain  a  certain  proportion  of  oxygen  gas. 

JtelatiTO  Value  of  CoaUu— The  following  table  repcresents  the  weight. of  water 
I  evaporated  by  one  pound  each  of  several  principal  varieties  of  ooal,  and  is,  therefirae— 
'  other  things  being  the  same— a  good  index  of  the  relative  value  of  tiiese  fiiels  >- 

ItaA.     OE. 

Common  Scotch  bituminous  coal         .... 

Hastings*  Hartley  main,  Newcastle 6 

Carf's  "West  Hartley,  Newcastle 7 

Middling  Welsh  anthracite 

Merthyr  bituminous  coal,  South  Wales 

Uangenech  steam  coal.  Do 

Cameron's  steam  ooal.  Do 

Pure  Welsh  anthracite,  Do 

Age  of  Coal.— The  geological  age  of  coal  is  certainly  not  a  matter  of  great  import- 
ance, except  in  such  districts  as  have  been  long  known,  and  in  which  exponence  has 
shown  that  there  is  only  one  carboniferous  scries.  Thus  in  England,  France,  Bel- 
gium, and  generally  in  western  Europe,  the  middle  palajozoic  period  is  the  only  cm 
that  contains  thick  and  valuable  beds  of  mineral  fuel.  Thinner  and  less  valuable  beds 
occur  in  the  oolites,  and  lignites  are  found  in  rocks  of  much  more  modem  date,  llany 
ISnglish  coal  engineers,  and  even  geologists,  have  hence  come  to  the  conclusion  tbat 
coal  did  not  exist,  or  was  valueless,  except  when  thus  placed.  Such  a  conclusioii  was 
partly  borne  out  by  discoveries  in  North  Ameiica,  where  the  chief  deposits  are  of  the 
same  age  as  with  lus.  There  is,  however,  a  great  exception  in  the  Kichmend  teal 
field,  Virginia,  which  contains  a  fuel  quite  equal  to  many  of  those  in  eommoo.  vae^ 
iiBd  is  -of  the  oolitic  period.  In  India  the  exact  age  of  the  coal  is  not  yet  dea^ 
determined;  but  eveiything  points  to  tha  conclusion  that,  compared  with  i&e  oaxbrni- 
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finmpaeiod,  it  ii  wrtramnly  modem,  pariutpt  tertiary.  la  Auitrolia,  tho  age  of  tbif 
aialUralaDaliUdaabtftil.  In  a  word|  mere  geological  agauii^oguido  in  a  Besvoountiy,-"^ 
fte.vwdvtj  of  thfliBinenJ,  and  tho  nature  of  the  lAsooiated  roolu^  being  the  ppinta  ih%t 
require  oldef  investigation.  Coal  fossils  of  ovciy  kind  arc  at  present  too  little  brought 
into  relation  with  existing  forms  of  vegetation  to  allow  of  their  being  referred  to  as 
eridenoe,  except  when  placed  in  the  hands  of  accomplished  botanists,  who  havo  made 
extiBot  species  their  special  study. 

Voflttfton  of  OoaL — ^These  remarks  as  to  its  condition  are  neceasoiy  fo  enable  the 
studont  to  ladentond  folly  the  peculiarities  of  position  in  rcfcrenoe  to  eoal.  Tho  beds 
of  tins  1—teridi  as  they  exist  now,  include  a  fiingular  variety  of  sppearanco,  magnitude 
and.  oooditum,  being  somotimes  perfectly  regular  over  wide  districts  in  nearly  hori- 
sootal  strata,  and,  as  already  experienced)  of  various  thickness.  Somotimes  several 
hmidrefL  seams  will  bo  found,  all  parts  of  the  same  great  series,  and  separated  by 
thousands  of  feet  of  sandstone  and  shalo ;  while  occasionally  there  are  only  a  few 
thick  or  thin  beds,  associated  with  masses  of  boulders,  and  barely  covered  up  with 
thin  deposits  of  little  importance  and  of  doubtfiil  age.  In  one  place  we  find  the 
Qnifonnity  of  certain  scams  so  great,  that  in  sinkings  made  through  the  strata  at 
dirtant  points  the  order  can  be  recognised,  and  the  partictdar  part  of  a  known  field  at 
enoe  detamnnad;  but  on  tho  other  hand  it  may  happen  (though  not  often  in  England) 
tint  in  tifta  same  mine  the  thickness  of  a  bed  of  coal  is  so  variable,  and  the  ooal  itself 
so  irvagnlar,  that  it  would  be  impossiblo  to  imagine  any  relation  between  .two  not  very 
distant  pointa  in  the  seam,  if  the  workings  were  not  continuous,  and  the  mineral  firom 
>me  point  actoally  continaoas  to  another.  A  seam  of  ooal  sometimes  terminates 
gradnaUy,  by  thinning  out  to  a  mere  line,  and  sometimes  abruptly  by  a  sudden  break ; 
while  occasionally  it  becomes  split  asunder,  and  the  upper  and  lowor  parts  thin  away, 
and  are  almost  lost.  The  former  case,  that  of  gradually  thinning  out,  shows  a  lena- 
shaped  condition  of  the  ooal ;  while  the  latter,  sometimes  called  a  hortg,  shows  the 
iitrusion  of  a  mass  of  day  or  sandstone  of  the  same  shape  between  two  parts  of  a 
ooal  seam.  There  is  also  sometimes  an  abrupt  termination  of  tho  bed,  cither  marking 
some  local  disturbance  by  which  the  ooal  has  been  removed  to  a  distance  above  or  below, 
or  the  result  of  an  ancient  denudation,  by  means  of  which  the  ooal  was  formerly  partly 
worn  away  by  exposure,  either  being  parod  off  by  the  direct  action  of  tho  waves,  or 
undermined  and  removed  when  soffc  underlying  clays  have  been  acted  on  at  the  foot  of 
a  diff.  Beddes  these  cases,  however,  the  ooal  is  sometimes  suddenly  curved  up  and 
disappears  for  a  time,  as  if  an  obstruction  had  existed  at  the  time  of  deposit,  and  the 
vegetable  mass  had  collected  round  it. 

FO.-nltft.'-With  theso  remarks  as  to  tfaoes  oooadond  modifications  of  a  eoalr 
seam  which  naturally  produce  an  appearanoo  of  irregularity,  we  may  pass  to  the 
Qonaidefration  of  mechanical  disturbances  such  as  have  produoed  the  basin-shape 
eharacteriatio  of  some  ooal  fields,  or,  in  a  similar  way,  have  brought  over  and  over  again 
to  Ae  cnrfkce  many  deposits  whose  dip  would  soon  carry  them  out  of  range,  and  ocear 
Bonally  have  so  broken  and  destroyed  particular  districts  as  to  deprive  a  locality  of  that 
vdna  whieh  would  otherwise  have  belonged  to  it  Tho  seams  of  coal  are  generally 
separated  from  one  another  by  beds  of  sandstone,  clay,  and  shale,  known  by  various 
koal  names,  and  occasionally  by  bands  of  ironstone  and  even  limestone,  whioh  have 
naturally  been  difRsrently  afieoted  by  subsequent  mechanical  disturbances.  IXuring 
the  pneeasof  drying,  all  have  contracted,  but  each  in  its  own  way ;  and  thus  tha  wmplfnt 
is  that  of  a  number  of  oraoks  or  erevicot  formed,  wl^idb  ^  mc^  %mdc|| 
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monicate  witli  one  anotbcr,  Iiut  Etill  liiiva  no  for  affected  tlio  general  miss  us  to  jirc- 
disposc  them  ta  ^ticturc  whc^  npliCB-Ting  farces  acted.  An  illastratioii  (see  Cut) 
will  be  useful  in  sbowing  the  result  of  such  upbeuTisg  force,  irhich,  however,  it 
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Mrely  carried  to  tJho  extent  there  indicated.  In  the  cut,  i  represMita  the  coal 
measures ;  df  imdatlymg  and  uldor  i^tratificd  rock ;  and  f ,  an  intnmve  rock,  sudi  at 
bftsalt  or  porptyry.  Thq  latter,  in  being  clevat^ti,  hus  lifted  the  stratified  mjLSflcg^  and 
hroken  them*  Some  parts  are  greatly  tUtcd  in  oac  direetion ;  others  also  tilted^  but  in 
the  opposite  dineetioii;  wMc  others  b<2tween  them  are  merely  lifted  more  or  less, 
without  their  oxiginal  hori^iontal  position  being  greatly  affe<3ted*  Water  often  finds  a 
iree  passage  throuf^h  those  crevices,  while  sometimes  they  arc  filled  with  clay,  preTEntin^ 
the  pas^ago  of  water  from  one  sido  to  the  other.  The  byds  are  often  discontinuous  cffi 
the  two  sides  of  a  crevice ;  and  the  disturbance  h  then  termed  a  f&uUi  irouhU^  or  slip. 

It  ifl  often  imagined  by  English  colliers,  especially  those  from  the  northern  coal  fieldflt 
that  the  existence  of  faults  is  an  inevitable  consequence  of  the  very  existence  of  tnw 
carhomfcroua  rocks ;  and  wo  find  them  alluded  to  by  some  WTiters  as  providential 
cootrivaiice^  for  the  repetition  of  coal  heds^  so  as  to  make  them  moi^  available  to  maa. 
A  more  extended  knowledge  of  the  subject  showa  that  some  of  the  largest  and  mofil 
valuable  coal  lands  have  cither  no  faults  at  all,  or  so  few  that  they  neither  interfere 
with  the  workings  nor  repeat  partieular  seams  of  coal,  which  indeed  m-e  qi,nte  as  oftea 
thrown  out  of  reaeh  aa  brought  hack  by  such  results  of  disturbing  force.  The  ineliniDd 
position  of  the  scains  is  another  niattf i  by  no  means  universal,  and  the  depth  of  tha 
better  \sm^  of  coal,  considerable  In  England  in  most  cases,  is  much  less  in  other  coon* 
tries  ;  while  in  the  great  coal  fields  of  America  some  of  them  £u,ie  altogether  aiM>V9  the 
water  level,  so  far  as  effective  workings  are  coacenicd. 

Paults,  however,  are  r cities  In  English  eoal-miniug,  and  require  grave  consideil- 
tion.  Taking  the  simple  case  represented  in  the  annexed  cut,  some  of  the  laws  of  feoltoi 
and  their  consequences,  wlD  bo  easily  comprehended.  In  this  eut,  the  thick  bkcl 
lines  inclining  to  thii  right  repreiaeiit  bods  of  coal,  and  the  line  more  highly  inclined 
and  to  the  left  the  fanlt.  The  beds  on  the  right  side  of  the  crevice  or  fault  have  in  Ihii 
case  been  lifted,  and  the  fanlt  is  henco  said  to  be  upcast,  or  tipthroimi  Ln  that  diredioin. 
This  is  true  probably  in  the  abstract,  hut  when  in  working  the  seam  in  ih^  usual  waj 
on  its  rise  this  fault  is  met  with,  the  beds  would  appear  to  be  thrown  down  to  the 
left  instead  of  being  lifted  to  the  right,  and  it  would  be  gpoken  of  qs  di^ixmcad^  or  « 
J  ^wfiikraw  in  ih^t  direction.     In  reality,  as  elevations  of  strata  are  far  more  likely  to 
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oeeur  than  depreiaoiui  in  conneotion  with  these  disturbances,  the  upcast  is  generally 
flfee  OQCzeot  deaeription ;  hut,  practically,  faults  are  spoken  of  as  they  are  found,  so  that 
the  same  dip  would 
beupcaat  in  one  mine 
ind  downoaat  in  an- 
other if  reached  from 
qt^oaite  points.  The 
mportant  point  to 
obaervtt  is  the  direc- 
tion of  the  ftuh ;  fat 
if  that  indinea,  as  in 
the  eaae  before  us,  to 
the  left,  the  beds  dip- 
ping to  the  right,  it 
will  follow  that  the 
anglea  made  by  any 
one  of  the  beds  in  its 

.  .^.  _      .  FAULT  IX  A  COAL  FIELD. 

two  positions  (before 

and  after  fracture)  with  the  fault  will  bo  two  obtuso  angles,  and  thus  a  rule  is  obtained 
for  following  the  seam.  The  practical  rule  is,  that  if  the  fault  makes  an  angle  less  than 
a  right  angle  with  the  bed  of  coal,  the  coal  must  be  looked  for  at  a  lower  level  on  the 
other  side,  being  downcast  in  that  direction ;  if,  on  the  contrary,  the  angle  is  greater 
than  a  zig^t  angle,  the  coal  will  be  at  a  higher  level  or  upcast.  It  must  be  observed, 
that  the  distance  to  which  the  coal  is  heaved  is  not  at  all  indicated  by  the  nature  or 
direction  of  the  fault 

The  crevices  separating  broken  beds  are  sometimes  filled  with  material  drifted  in 
firom  above,  and  sometimes  with  spar,  soft  clay,  water,  or  even  gases  and  powdered 
eo«L  Gryatallized  metalliferous  minerals,  such  as  galena,  are  also  found.  Many  faults 
occur  in  which  there  is  no  perceptible  interval  between  the  walls. 

Dykes.— Coal  fields  are  intersected  in  various  places  by  rocks  apparently  of  igneous 
eharactor,  and  called  whinstone,  greenstone,  and  basalt.  In  such  cases  there  is  often 
much  evidence  of  chemical  action,  which  has  been  attributed  to  heat.  Whether  these 
dykes  were  really  in  all  cases  intrusions  of  lava  may  perhaps  admit  of  doubt ;  but  the 
ag^pearances  are  peculiar  and  striking,  and  worthy  of  special  notice.  For  this  purpose, 
a  abort  notice  of  a  remarkable  whinstone  dyke  in  the  county  of  Durham  will  be 
interesting  and  instructive. 

~  The  dyke  in  question  is  of  solid  greenstone,  ten  to  twenty  yards  in  thickness,  nearly 
vertical,  and  of  unascertained  depth.  It  is  traceable  to  a  distance  of  seventy  miles, 
rooning  in  a  south-east  direction.  The  effect  on  the  coal  is  thus  described  by  Mr. 
Witham,  in  the  Transactions  of  the  Newcastle  Natural  History  Society : — "  Within 
fifty  yards  of  the  dyke  the  coal  begins  to  change.  It  first  loses  the  calcareous  spar, 
which  occurs  in  the  joints  and  faces,  and  also  loses  its  quality  for  burning.  As  it 
wmsB  nearer  it  assumes  the  appearance  of  half-burnt  cinder ;  and  approaching  still 
nearer  the  volcanic  mass,  it  grows  less  and  less  in  thickness,  becoming  a  pretty  hard 
cinder,  and  only  two-and-a-half  feet  thick ;  eight  yards  further,  it  is  converted  into 
real  cinder,  and  more  immediately  in  contact  with  ihe  basalt.  It  becomes,  by  degrees, 
a  black  sabstance  called  swart,  resembling  soot  caked  together— -the  seam  of  coal  be\xv.%  \ 
reduced  to  nine  inches  in  d^th.    There  is  a  large  portion  of  pyritea  \o^^e^  tsi  ^'a  tw>1  \ 
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of  tbat  part  of  the  seam  vhick  las  been  reduced  to  cinder.    On  each  side  of  the  d^ee, 
botwoen  it  and  the  regrilar  strata,  there  is  a  dizn  zat  nr  care  of  day,  about  tax.  uuihm 

thick,  >vhich  turns  the  rain-water  en  ilio  rise  side,  and  forces  it  to  the  mifue^ 
I    numerous  springs  as  it  travt  rsos  the  ccuntry.    XL-?  ccal  deteriorated  hy  Ibe 
I    dyko,  is  twenty  •&¥«  yards  of  had  ghort  coaL  half  reduced  to  cinder;  siztBea  yudB  of 
]    cinder ;  and  ten  of  scoty  siil stance." 

I  If  a  similar  el&c:  has  heen  prvinced  en  the  rise  side,  of  which  there  is Ixtlie  doobt,  it 
I  will  make  altogr:th>2r  upwards  of  cne  hundred  yardi  oi  coal  rendered  unfit  far  eolbay 
;   purpose^.    The  dyke  itself  at  this  poini  is  eighteen  yards  in  thickneEs:  water-voEi 

stones  hiv-?  oci.n^'r^nalTy  hc-cn  found  csihedded  in  the  sc-lid  coal  in  the  main  aeaSL* 
1  Othmr  dyki'i  of  aEan':T  Tnagaitude  are  common  in  partieular  districts,  hot  nocly 
i  ran^  beyond  th^m.  Thrr  arc  oc-caaiOBaiiy  coiine?tEd  with  faults  of  enonmiua  magni- 
tude, but  3<:-:z  -times  arc  ind?p  :ni<.-nt  of  disturbanees.  The  extent  to  which  beds  are 
'  fimlted.  or  zaaar^  a^tinder  in  vertical  distance  after  being  hrolcen,  may  he  said  t9 
I  rai^  bctwr^n  a-t^rith  r,f  an  inch  and  a  thousand  fathoms ;  but  in  coal  fields  a  few 
'.  fBithoz:^  is  as  mu':h  a&  is  usually  met  with.t  Thc-y  are  often  repeated  sereral  tuMB 
-  within  a  short  dL*tan':e,  producing  a  condition  technically  called  broken  ground^  greiflj 
■    interfering  with  iLe  profitable  working  of  the  seams. 

The  width  of  faults  in  ordinary  cases  is  small ;  but  even  those  not  filled  up  "wMi 
:    altered  rock  are  sometimes  separated  many  £ithoms.     Li  such  cases  oonsideniUe 
practical  difficulty  is  experienced  in  conducting  workings  and  rc-discorering  the  W 
seam  of  coaL 

Coal  Scctiona.— Coal  is  so  differently  circumstanced  in  diffi«rent  coal  fldda^  irift 
reference  to  the  associated  rocks,  that  a  few  words  as  to  coal  sections  may  be  nsefiiL 
Thcac  arc  extremely  valuable  for  comparison  in  the  same  districts,  hut  equally  fiaUe 
to  mislead  when  supposed  to  be  generally  applicable.  There  is  really  no  ncoesBUX 
resemblance  whatever  in  the  beds  associated  with  coal,  in  different  districts ;  nor  can  any 
deduction  be  drawn,  except  in  the  most  general  way,  from  the  presence  of  those  shala 
and  grits  which,  in  particular  cases,  in  England  are  regarded  as  almost  InfaTKhlft  goideft 
No  doubt,  a  certain  amount  of  mud  and  sand  is  usually,  though  not  always,  connected 
with  coal  seams ;  and  thin  beds  of  clay;  containing  the  rootlets  of  trees,  are  often  finmd 
immediately  undcr]3ring  coal,  and  when  present  may  be  regarded  as  showing  a  prolMr 


*  Mr.  Francis  Foreter,  in  1S30,  published  an  investigation  of  the  nature  of  the  sereral 
of  basalt,  coal,  &c.,  from  this  djke,  of  which  the  following  are  extracts  :-> 

«  The  Uusalt  is  light  gray,  fine-grained,  and  compact,  interspersed  with  crystals  of  felspar — qtedlo 
gravity,  2-C72 ;  losing  eight  per  cent,  in  u  strong  air  furnace  heat,  and  becoming  fused  into  a  broira 
glass.  The  colce,  or  carbonized  coal  mixed  up  with  the  basalt,  is  extremely  hard,  fracture  nneren, 
gray,  mixed  with  irregular  streaks  of  carton  ite  of  lime  and  sulphuret  of  iron— specific  graritr,  1***T; 
that  of  tho  coal  which  it  represents  being  1  27.  The  coke,  when  reduced  to  powder  and  ealrinidia 
a  strong  red  heat,  leaves  twenty-three  per  cent,  of  heavy  incombustible  powder  of  a  reddish 

**  It  is  remarkable  that  the  coal,  although  reposing  immediately  upon  the  ten-feet  beds  of 
should  retain  the  above  properties. 

"The  ten-feet  stratum  of  carbonized  coal— specific  gravity  1*860— when  calcined  in  a  strong  red 
heat,  are  thirty-five  and  a  half  per  cent,  of  a  dirty  white  powder,  chiefly  siiicious,  eontainiag  a 
Biinute  proportion  of  iron." 

f  The  principal  fault  in  tho  Newcastle  coal  fields  is  from  90  to  130  fathoms  perpendicular,  aadli 
regarded  as  a  Jotcn  throio.  It  brings  into  workable  position,  a  second  tune,  several  important  seam^ 
eroppingout  near  Newcastle.  Two  other  miin  faults  traverse  this  district;  one  of  forty  fhthoatfi 
and  another  of  twenty-five.    There  is  no  basalt  or  altered  rock  eonnected  with  these  iwiisilsM> 
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kOlftj-  ef  the  fniafartiiw  of  coaL  Thoso  ore  uautl,  but  wmeiixnei  tho  oool  ia  merdy 
embedded  with  conglomerates  of  the  coarsest  kind  and  most  irregular  composition^  and 
k  it  maj  repoM  on  gronhe  or  gneiss  and  not  present  any  covering  of  newer 
Tkua,  the  red  wmmtret  ceasing  to  guide  the  miner  above,  and  the  limeatcsio  or 
\  grit  below,  there  remain  no  sufficient  means  of  idontifioation. 

i  MiA  PyriiML— Many  seams  of  coal,  and  indeed  most  other  deposits, 
eiiheir  oontain,  or  are  near,  some  form  of  iron.  In  most  oases  the  oxide  of  iron  coiUmn 
tiie  anidatones  and  clays ;  oocaaionoUy  it  fills  veins  immediately  adjacent,  and  some- 
tunes  it  eoUeotB  into  bands  of  impuro  iron  ore.  Elsewhere,  the  same  metal, 
aomhittad  with  snlphnr  (iron  pyrites},  appears  in  tMn  bands,  altomating  with  or 
aotuaUy  embedded  in  ooal ;  and  oocaaionaUy  bands  of  ironstone  (impuro  argillaoeous 
cariMiiuitoa)  alternate  with  the  ooal,  and  may  bo  extracted  at  the  same  time.  The 
latter  an-extramely  valuohhs  and  in  largo  distriots  in  England  and  Scotland  afford  the 
I  Ofe  of  tho  metal.  They  may  bo  regarded  as  segregated  nodules  in  clay.  The 
ooodition,  that  of  ifon  oxide  in  veins  or  bands,  ia  comparatively  rare  in  this 
eoimtry ;.  but  the  ore  is  richer  and  more  valuable.  The  iron  pyrites,  wherever  it 
oaonxft  ia  ooal  measures,  is  at  the  best  valueless,  and  often  extremely  misohievoufl ;  as, 
bgr  the  deoomposition  of  the  mineral  on  exposure  to  nnuBturo  and  oxidation,  a  oonsi- 
dsnble  amount  of  heat  is  liberated ;  and  spontaneous  combustion  has  often  taken  plaoe, 
aithar  in  the  heaps  at  the  mouth  of  the  pits,  or  in  vessels  or  stores,  when  a  considerable 
quantity  of  damp  ooal  is  thrown  together.  There  is  no  more  important  inquiry,  in 
safianoaoe  to  ooal  measures,  than  the  condition  of  the  iron,  and  tho  increased  or  dimii)- 
uhed  value  thence  arising. 

Xhe  iron  stones  of  the  eoal  measures  usually  consist  of  irregular  bands  of  detached 
MJulflw,  a  fow  inches  in  thickness.  Some  of  these  average  three  to  four  hundred 
weigiht  to  the  square  yard,  and  contain  from  2o  to  30  per  cent  of  iron.  The  richer 
bands  of  the  same  kind  from  Staffordshire,  Worcestershire,  and  Shropshire,  are  heavier 
and  more  regular,  and  yield  40  per  cent,  of  metal ;  some  of  them  being  two  feet  thick. 
The  black  band  of  Scotland  varies  from  fifteen  or  twenty  inches  to  five  feet  in  thick- 
aaHy  and  resembles  the  black  shales  common  in  the  coal  measures.  It  is  widely 
ipread,  easily  calcined  in  heaps  with  waste  coal,  and  when  roasted  yields  as  much  as 
60  per  cent,  of  iron  in  a  calx  oasily  melted  in  the  furnace.  The  other  ironstones  not 
beianging  properly  to  the  coal  measures  do  not  here  come  under  consideration. 

#P«m  Wmrka.— Coal  seams,  alternating  with  other  rocks  of  whatever  kind,  are 
easily  recognised  at  the  surface,  and  their  position  underground  must  be  estimated  by 
aalcnlatinn.  If  they  appear  nearly  horisontal,  and  ore  above  the  level  of  tho  water  in 
the  adjacent  country,  they  may  bo  entered  at  once,  or  the  coal  can  be  removed  by  a 
process  analogous  to  that  of  quarrying.  This  is  the  simplest  method  of  coal  mining ; 
and,  though  rare  and  exceptional  in  the  British  Islands,  it  can  be  adapted  with  great 
advantage  in  North  America  and  in  some  of  the  most  valuable  cool  fields  of  France. 
The  discovery  and  working  of  tho  coal  under  these  circumstances  is  very  inexpensive. 
More  usually,  however,  the  beds  of  cool,  though  coming  to  the  surface,  dip  into  the 
earth,  and  at  a  moderate  distance  irom  the  outcrop  can  only  be  reached  by  sinking  pits 
oAcn  to  great  depth,  and  then  performing  many  costly  mining  operations  dependent  on 
the  nature  and  thickness  of  the  coal,  on  the  amount  of  its  dip,  on  the  extent  to  which 
it  is  £uilted,  and  on  the  peculiarities  of  structure  and  condition  of  the  sandstones,  days, 
linwatanes,  or  oonglomerates  alternating  with  the  coal  seams.  There  are  thusssiperal 
modes  of  coal  mining,  each  pursued  in  some  particiilar  district,  and.  «ai^  wofiOHOBoa^  \ 
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more  or  less  of  general  principle,  wliich  the  student  in  this  department  would  do  well  to 
learn. 

The  original  discovery  of  a  coal  seam  is  not  difficult,  and  is  generallymade  on  some 
natural  exposure  on  a  clifi^  in  a  valley,  by  a  stream,  or  wherever — in  a  word— the 
sorface  coating  of  soil  being  absent,  the  underlying  rock  can  be  seen.  At  the  snrfius 
the  bed  is  often  weathered  and  rotten,  and  little  indicative  of  the  importance  of  the 
mineral  wealth  present.  The  discovery  once  made,  if  the  coal  seam  is  horizontal,  and 
above  the  level  of  the  water,  it  can  be  entered  at  once,  and  a  considerable  quantity  of 
coal  extracted.  This  is  the  case  on  the  banks  of  the  Ohio  and  its  tributaries,  in  the 
neighbourhood  of  Pittsburg,  and  elsewhere  in  the  same  field.  Something  of  the  same 
condition  may  bo  found  in  the  thick  seams  now  worked  at  Aubin  and  DecazeviDe,  in 
the  department  of  Aveyron,  Central  France.  In  the  latter  case,  indeed,  the  vast  thick- 
ness of  tho  principal  scam  (one  hundred  and  fifty  feet),  and  the  thin  coating  of  soil 
and  rock  above  it,  has  rendered  it  possible  to  commence  open  workings  after  removmg 
the  superincumbent  rubbish.  In  the  former,  the  works  are  carried  on  by  means  of  tunnels 
burrowed  into  tho  side  of  a  hill,  commencing  at  some  point  where  the  coal  has  been  laid 
bare  half  way  up  the  steep  banks  of  a  river.  The  cost  of  working  is,  in  either  case,  ex- 
tremely small,  and  should  hardly  exceed  a  shilling  or  eighteen-pence  per  ton  at  the  mouth 
of  the  tunnel.  Such  a  tunnel  or  gallery  is  called,  in  mining  language,  a  level  or  adit; 
and  tho  coal  being  pierced  by  one  such  level,  and  cut  into  by  others,  driven  throng 
to  right  and  left,  a  large  quantity  can  be  readily  obtained  with  very  little  difficulty. 

Deep  Woikings.— In  the  case  of  deep  coals  it  is  certain  that  no  general  role  of 
working  can  possibly  be  applied  to  all ;  and  each  individual  seam,  and  group  of  seams, 
must  be  dealt  with  according  to  tho  thickness  of  the  coal,  its  dip,  or  angle  of  incUnatkm 
to  tho  horizon,  its  hardness  or  tenderness,  the  quantity  of  gas  exudhig  from  it,  the 
nature  and  extent  of  the  faults,  the  nature  of  the  roof  and  floor  (or  beds  immediately 
overlying  and  underlying),  the  depth  from  the  surface  of  the  workings,  and  many 
other  circumstances. 

Still,  notwithstanding  these  points,  there  are  distinct  methods,  some  one  or  other 
of  which  is  more  applicable  than  others  in  each  particular  case.  The  method  of  working 
highly  inclined  scams  (edge  coals),  is  different  from  that  used  when  the  coal  is  hon- 
zontal  or  nearly  so ;  tho  method  when  tho  roof  is  bad  and  leaky,  the  coal  near  the 
surface,  free  from  gas  and  thick,  and  the  property  of  moderate  extent,  is  also  different 
frx)m  that  required  when  the  scam  is  of  average  thickness  (not  more  than  ten  feet), 
with  good  roof,  deep,  and  abounding  with  gas.  A  short  description  of  the  preliminaiy 
processes  of  boring  and  sinking,  which  are  required  whenever  the  coal  lies  deep,  and 
of  tho  principles  involved  in  the  different  methods  alluded  to,  will  afford  sufficient 
illustration  of  cool  mining  for  the  purposes  of  this  treatise. 

Boiing  is  an  operation  not  peculiar  to  coal  mining,  though  largely  used  for  that 
purpose  as  a  preliminary  to  sinking,  in  doubtful  cases.  This  process  removes  a  small 
portion  of  the  rock,  and  enables  tho  material  to  be  observed,  and  a  correct  opinion 
obtained  as  to  the  feeders  or  springs  of  water  pierced.  It  is  not  expensive  for  moderate 
depths,  but  tedious  and  costly  when  carried  down  beyond  fifty  fathoms  of  ordinary 
ground.  Several  borings  are  desirable  in  an  untried  field,  in  order  to  obtain  a  fei 
opinion  as  to  tho  direction  and  amount  of  the  dip,  the  presence  of  faults,  the  <:li|VTnip« 
of  the  coal  seams,  the  nature  of  the  roofs,  &c. ;  and  also  in  an  old  and  partly-worked 
district,  when  former  workings  are  suspected  to  exist,  but  are  not  accurately  known, 
/  and  are  supposed  to  be  charged  with  gas  or  water. 
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;• — ^When  tho  position  of  a  coal  seam  has  been  dotcrmincd,  or  is 
faiown,  and  some  idea  of  tho  property  obtained  by  boring,  it  is  necessary  to  sink  a  shaft 
to  reach  or  win  the  mineraL  When  the  distance  to  bo  sunk  is  inconsiderable,  and  tho 
dip  amall,  the  position  of  the  pit  is  of  little  importance,  particularly  where  there  is  no 
amount  of  water  to  be  apprehended,  and  nothing  unusual  in  the  rocks  to  be  gone 
through  A  pair  of  pits  should  then  be  put  down  at  once,  and  the  diameter  of  each 
need  not  exceed  eight  or  nine  feet  diameter,  unless,  indeed,  pumping  is  likely  to  be 
required  for  the  remoTal  of  water.  In  this  case  tho  engine  shaft  must  bo  somewhat 
larger.  Where  the  coal  is  deep,  the  sinking  expensive,  and  much  water  likely  to  bo 
met,  the  expense  of  two  pits  has  sometimes  been  regarded  as  too  great,  and  one  largo 
shift  of  fourteen  or  fifteen  feet  resorted  to,  a  division  being  made  in  it  by  wooden  par- 
titions of  great  strength,  technically  called  brattices.  It  is  hardly  considered  good 
Bdmng,  at  the  present  day,  to  sink  a  single  shaft  under  such  circumstances ;  nor  is  it 
altogether  justifiable,  as  the  danger,  in  case  of  accident  from  any  cause,  is  far  greater 
than  when  two  are  adopted. 

The  depth  of  existing  shafts  extends,  in  somo  few  cases,  to  as  much  as  throe 
hundred  fieithoms.  Ono  hundred  fathoms  is,  however,  a  depth  below  which  it  is  not 
often,  required  to  go  in  order  to  reach  coal  in  a  known  coal-field,  where  tho  works  aro 
not  of  an  unusual  character.  In  such  case,  great  hardness  of  tho  rock,  tho  presence  of 
soft  sands  and  unsound  rotten  days,  or  a  large  body  of  water,  are  tho  chief  causes  of 
extraordinary  expenses  in  the  operation. 

When  a  sinking  has  been  carried  on  through  tho  vegetable  soil,  and  alluvial  or 
diUiYial  covering,  and  has  reached  the  actual  rock  (the  .stone  strata,  as  they  are 
aometiines  called),  water  may  bo  expected,  and  may  come  either  from  surface  springs 
depending  on  tho  seam  and  the  surrounding  country,  or  from  partial  feeders  which 
gradually  decrease  and  ultimately  die  out,  or  permanent  feeders  connected  with  large 
areas  of  drainage,  and  remaining  unaltered  for  years.  These  latter  must,  at  any  expense, 
be  stopped  back,  and  not  only  prevented  from  entering  the  shaft  at  tho  time,  but  from 
draining  down  into  the  mine  when  the  shaft  is  ultimately  completed.  Every  important 
feeder,  or  spring  of  whatever  kind,  must,  however,  be  carefully  kept  back  in  a  shaft 
intended  to  work  a  deep  and  important  mine,  and  a  large  property. 

Tabbing. — ^Thete  are  several  kinds  of  stopping  out  water,  or  ttibbingy  as  it  is  called, 
commonly  used.  8Um$  tubbing^  which  involves  merely  a  water-tight  stone  wall,  jointed 
and  fieurtened  at  the  back  with  cement,  and  answers  for  light  pressures,  but  is  not  to  be 
trusted  in  important  works ;  PUmh  tubbing,  oftxsn  adopted  in  old  mines,  and  capable  of 
being  made  very  strong ;  Solid  tcood  tubbing ,  a  great  improvement  on  planks ;  and  Metal 
tubbing,  now  commonly  resorted  to,  and  far  the  most  efficacious.  The  wooden  tubbing  was 
usually  completed  with  two  and  a-half  or  three  inch  deals,  and  would,  when  fresh,  bear 
a  pressure  of  one  hundred  pounds  to  the  square  inch.  Exposure,  however,  frequently 
injured  it.  In  all  cases,  the  foundation  of  a  permanent  tub  should  rest  on  a  water-tight 
stntmn. 

The  present  modo  of  tubbing  with  segments  of  cast  iron,  is  both  more  rapid  and 
moro  eiBcacions  than  any  other.  The  size  and  thickness  of  the  iron  varies  according  to 
tiie  expected  pressure ;  but,  generally,  the  length  is  from  three  to  four  feet,  the  height 
tiro  feet,  and  the  thickness  about  an  inch,  or  even  more  in  serious  cases.  The  segments 
are  fitted  by  overlap  flanges  at  each  end.  During  the  time  that  the  tubbing  is  being 
fitted,  the  ahaft-haa  to  be  kept  dry  by  pumping.  This  is  oft;en  a  very  aexvcAU^  ^KS&ss<Q^^?3^ 
»  as  may  be  supposed  from  the  itust  that  many  thousand  gallons  of  'walex  -^t  TDLvmo^ibTSiV^ 
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have  to  be  lifted  the  whole  length  of  the  shaft.  The  tubbing,  when.  walL  confifcraited, 
is  perfeotly  efficacious,  and  the  shafb  left  completely  dry  for  further  sinking.  In  oahmA 
cases,  howeyer,  the  i^rings  of  water  thus  kept  back  arc .  charged  with  mineral  nl^ 
and  are  extremely  corrosive ;  and  here  the  iron  in  time  becomes  altered,  and  even 
changed  into  a  kind  of  impure  plumbago,  sufficiently  soft  to  be  cut  with  a  knife.  Wben, 
thus  weakened,  the  tubbing  has  occasionally  given  way,  letting  down  the  wator  and 
drowning  the  mine.  Several  springs  are  frequently  met  with  in  sinking  to  a  deep 
recovery.    Each  of  these  has  to  be  treated  separately,  and  tubbed,  out  indcpendiently. 

Plans  of  Working. — We  may  now  suppose  the  collier  so  far  advanced  as  to  ham 
reached  the  seam  of  coal  he  is  about  to  work,  and  it  remains  only  to  remove  the  mineni 
from  its  positibon  in  tho  bed,  and  bring  it  to  the  surfEu^  fit  for  use  or  sale.  There  oOi 
however,  several  ways  of  proceeding,  each  of  whioh  has  its  advantages,  and  is  adoptod 
in  some  particular  district;  and  we  must  consider  the  essential  features  belon^iiig  t9 
those  of  most  importance. 

It  may,  indeed,  be  thought  strange  that  any  great  difference  should  oziA  in  tii« 
mechanical  contrivances  for  removing  a  mineral  which  everywhere  possesses  the  same 
general  characteristics.  But,  in  the  first  place,  coal  differs  exceedingly  in  thiclrmMW,  iii 
the  facility  with  which  it  is  worked,  in  the  abundance  of  inflammable  gas  given  oSt,  m 
tho  power  of  resisting  pressure,  and  in  many  other  points  of  importance.  Besides  this^ 
the  roof  and  floor  vary  extremely ;  the  depth  of  the  superincumbent  mass  is  in  soOM 
mines  far  more  considerable  than  in  others ;  and  the  style  of  working  must  even  dependf 
in  some  measure,  on  ihe  magnitude  of  the  property,  and  the  number  of  acres  of  coal  to 
be  extracted.  Thus  it  is  that  a  plan  of  working  is  really  essential,  and  the  object  (tf 
the  plan  will  be,  to  got  as  much  as  possible  of  the  coal  in  a  large  state  (called  rouid 
coal)  at  as  low  a  cost  as  can  be  contrived,  and  without  running  a  risk  of  the  xch 
maining  coal  being  crushed  or  injured  by  the  subsequent  falling  in  of  tfafi  looi 
Where  possible,  almost  the  whole  of  the  coal  should  ultimately  bo  obtained. 

The  methods  of  working  adopted  in  England  may  be  grouped  into  three,  whidii 
however,  are  often  combined.  These  sie^-ifirst,  the  pillar  and  stall,  or  bord  and  pillat^ 
adopted  in  the  Newcastle  coal-field ;  secondly y  the  long  wall,  as  adopted  in  Derbyfllnve, 
and  some  parts  of  Yorkshire ;  and,  thirdly,  that  employed  in  South  Staffordsldxtt  Ik 
working  the  thick  coal.  Of  these,  the  former  is  by  fiir  the  most  eomi^etely  dfifrefaiped, 
and  admits  of  the  most  perfect  ventilation,  but  it  is  not  so  economical  as  the  aeoood. 
The  third  is  only  a  modification  adopted  when  the  coal  is  too  thidc  to  be  got  out  Vj 
one  leveL    The  principles  involved  iu  each  method  are  easily  explained. 

In  working  by  the  bord  and  pillar,  the  coal  is  at  first  got  only  from  oomparatmly 
narrow  galleries,  parallel  to  each  other,  out  through  the  coal  on  its  rise ;  and  others^  «l 
intervals,  intersecting  them  at  lig^t  angles.  Thus  the  whole  of  the  seam  of  ooal  wiUiiB 
the  property  worked  is  reduced  to  laige  rectangular  pillars  between  these  gaUanaa,  ilia 
pillars  being  left  to  support  the  roof.  The  shaft  being  ^pported  by  sufficient  eoal  fSL 
round,  and  the  roads  also  protected  in  a  similar  way,  the  mine  is  safely  worked  m  lUi 
fhahidn)  and  afterwards,  by  catting  the  pillars  through  and  at  last  removing  -titem, 
raplaoing  the  coal  for  a  time  by  stout  wooden  propS)  whioh  are  also  ultimately  mmoBfady 
a  large  per  oentage  of  the  coal  is  got  away,  though  in  most  part  of  the  piSm  lit  if  Ibm 
muoh  oruahed  to  yidd  round  ooaL  There  is  thus  a  eonsiderable  loas,  endiho  vool  il 
1^  to  fall  after  the  ooal  isfemovod,  thus  producing  a  broken  hollow>,  like  aii  iaifgnlii 
/mme^.  tBobnioallj  eidled  a^e^,  or  else,  allowing  the-aurfeiee  to  ainkin.'wluit.ifllaHRWB 
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Of  lata  yean  all  large  mines  hayo  boon  woriccd  in  panels,  or  divisions,  shut  off  from 
one  anothflr  by  a  sufficient  thiokncas  of  coal  to  preycnt  an  accident  from  extending 
beyond  one  panel,  and  allowing  of  hotter  regulation  of  tho  ycntilation.  When  the 
great  magnitude  and  importance  of  ventilation  in  a  coal-mine  is  taken  into  account,  iSkc 
vahM  of  this  modification  will  be  felt  to  be  vory  great.  Wo  shall  have  occaHion  to  rocur 
ta  thia  fuijeot. 

By  t)ie  long  wall  method  tho  whole  of  the  cool  is  got  at  one  operation,  either  by 
waridng  fixmi  tilie  shaft  towards  tho  rise  of  tho  coal,  and  making  safe  roadways  through 
the  £d3en  roof  by  strong  stone  continuous  pillars,  or  by  driving  lirst  to  tho  extremity 
end  weddng  tho  eoal  back  towards  tho  shaft,  leaving  the  goaf^  or  rubbish,  of  £dlcn 
vaof  behind,  and  neglecting  to  keep  roads  through  the  goaf.  Where  the  goaf  is 
not  daniporoua  from  tho  presence  of  gas,  and  tho  roof  will  admit  of  it,  this  method  is 
hotii  eoonomical  and  ^cient,  as  tho  whole  of  tho  coal  is  at  once  removed  on  a  long 
UeOi  and  is  not  subject  to  the  partial  crushing  that  takes  place  when  piUars  are  lefiL 

The  thick  coal  is  worked  in  south  Staffordshire,  and  the  neighbourhood,  in  a  vory 
irwgular  mode.  Small  piUars  arc  left  at  irregular  intervals,  and  sometimes  these 
fillan  are  removed ;  but  in  all  cases  there  arc  walla  of  coal  left  at  moderate  distances 
apart.  The  ooal  in  this  district  is  parted  by  thin  bands  of  clay,  but  the  whole  is 
nmoved.  In  all  theeo  cases  the  general  system  of  working,  when  the  coal  is  reached, 
is  in,  aoma  respects  the  same ;  a  deep  groove  being  cut  into  the  bed  at  its  lower  part, 
sad  tbe  rert  thrown  down,  either  by  wedging  or  blasting. 

V«adoiUi  Chtfaa.  There  are  causes  of  danger  and  expense  in  coal-mining  which 
are,,  to  a  certain  extent,  independent  of  the  ordinary  mineral  and  geological  condition  of 
die  measiires,  but  which  often  require  the  application  of  great  experience  and  engineering 
kaowledge.  Each  of  these  also  may  be  regarded  as  capable  of  affecting,  in  almost  any 
dagrae^  4h0  value  of  coal  -property,  and  modifying  the  stylo  of  working.  The  faulted 
stmctiire  of  oarbaniforous  rocks,  already  alluded  to,  is  one  of  these ;  and  a  knowledge  of 
ike  ayatems  of  faults  that  exist  in  a  ooal-fidd  is  of  extreme  importance  to  the  scientific 
vieweTy*  and  shoold  be  tho  object  o£  his  careful  and  never  ceasing  study.  ConneGted 
-nth  thu  ia  the  question  of  water,  also  vitally  important,  both  as  involving  manage- 
wot  in  sinking,  and  in  subsequent  pumping  friom  the  bottom,  where  sometimes  thene 
an  hDjge  feedera  taprped.  But  the  £sct  that  many  kinds  of  coal  not  only  yield  large 
of  li^t  oarburettcd  hydrogen  gas  on  distillation,  but  exude  suoh  gas  on 
esposnre,  especially  when  recently  laid  bare  and  remaining  under  pressure,  ik 
kr  ware  important,  as  involving  tho  necessity  of  careful  ventilation  through  all  the 
VQuknagB,  and,  in  spite  of  all  care,  becoming  the  fertile  source  of  some  of  the  most 
frightfoL  aoddenta  by  which  human  life  is  destroyed. 

Xfae  gjBS  ifacDa  reiiBned  to  is  caUed  by  miners  ftrt'daimp,  or  simply  dwnp^  and  is  only 
aat  wilii  in  mining  certain  kinds  of  eoaL  It  is  especially  abundant  in  tiie  Newcastle 
floaiUUld;  aoid  thia^  combined  with  other  causes  of  difficulty  and  danger,  has  rendered 
itnaoeaaary  to  bring  to  bear  in  that  district  tho  greatest  amount  of  skill  and  cantiDn; 
"Maiiialiiii  wiai  is  called  chokS'^Ump  prevails,  this  being  carbonic  add  gas;  and  it  is 
iBli  vdftaijrthat  otibecr  gasea  axe  mixed  from  time  to  time  with  these.  When  it  ia 
tiuct  a  large  nunber  of  men,  and  often  many  horses,  are  employed  under* 
aoBdliBt  freqoaxitly  thrae  are  miUes  of  tmderground  passages  and  himdredB  of 

BM  witliimitJiiHife  then  two  or  ttoe  shafts  communioating  widi  the  upper  ai^-^and 

^iileiBligfiieerwIioiB  responslBle  fbr  plaradng  and  saperintenSng  cna\F.m\T\\m  qyst^MmM^'VriOt^ 
mmm.  aaifcai*oOM;  b  tMut joiliy  tul/ed  a  9Uw9ri 
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these  only  chimneys,  many  hundred  feet  long,  and  of  small  area — no  ono  wiU  be 
surprised  that  the  air  becomes  vitiated,  and  that  a  small  addition  of  foul  gaa  renders  it 
unfit  for  the  support  of  life.  Where,  however,  gas  of  whatever  kind  comes  off  with 
any  degree  of  regularity,  the  mechanical  means  of  ventilation  commonly  adopted,  and 
which  will  be  presently  described,  are  sufficient.  It  is  only  when  there  are  sdddco, 
unexpected,  and  large  jets  of  gas  instantaneously  poured  forth,  and  when  this  gas, 
mixed  with  common  air,  becomes  highly  explosive,  that  the  real  danger  arises. 

Fize-damp.— It  has  been  already  said  that  gas,  such  as  is  commonly  burnt  to  light 
our  streets  and  houses,  issues  £rom  a  fireshly-exposed  surface  of  coal  in  the  mine.  This  gas 
is  much  lighter  than  common  air,  and  when  first  liberated  remains  in  the  hollows  imd 
irregularities  on  the  roof  adjacent.  But  it  soon  mixes  with  the  air  around ;  and  when, 
either  firom  faulty  ventilation  or  excess  of  gas  liberated,  the  quantity  of  gas  amounts  to 
or  exceeds  one  part  in  fourteen  of  the  atmospheric  air,  the  mixed  air  thus  prodooed 
becomes  highly  explosive.  If  it  continues  in  this  dangerous  state,  the  air  in  a  huge 
part  of  the  mine  may  become  similarly  explosive ;  and  on  contact  with  naked  flame  it 
suddenly  takes  fire — the  result  being  the  production  of  a  large  quantity  of  -carboiiie 
acid  gas,  and  a  little  aqueous  vapour,  the  whole  absolutely  and  immediately  fatil  to 
existence.  Thus  a  coal-mine  accident  from  explosion  is  not  only  a  feaifiil  risk  to  all 
those  within  the  limits  of  the  scorching  flame,  but  certain  death  to  all  who  are  exposed 
to  the  poisonous  gas  that  remains.  The  issue  of  the  gas  in  the  mine,  in  the  ordinaiy 
way,  is  recognised  by  a  pecuUar  hissing,  or  low  singing  noise,  distinctly  heard  what 
other  noises  are  quieted,  and  even  recognisable  sometimes  when  several  pec^  are 
talking  tc^thcr.  This  noise  varies  in  different  mines,  and  seems  to  be  affected  by 
atmospheric  conditions,  increasing  when  the  barometer  Mis,  and  «1tTninialiiTig  wbgai  it 
rises.  The  quantity  of  the  gas  thus  given  off  varies  considerably, — some  mines  becoming 
dangerous  if  the  ventilation  is  cheeked  for  a  very  few  hours;  while  in  others,  when 
the  singing  is  not  less  marked,  many  days  would  be  required  to  prodnoe  this  efifect 

It  is  not  quite  clear  whether  the  gas  comes  off  in  this  case  firom  the  whole  of  the 
exposed  sur&ce,  or  only  finom  the  edges  between  two  of  the  thin  fifans  of  which  eadi 
fEtratum  is  made  up ;  nor  is  the  exact  nature  of  the  gas  evolved  in  aU  cases  the  same. 
But  these  arc  points  that  belong  rather  to  the  chemistry  of  the  subject,  and  which  need 
not  hero  be  discussed.  The  important  matter  of  fact  in  the  ooal-raining  qoestiaa  ii 
this,  that  in  certain  mines  a  gas  is  given  oS,  which,  on  mixture  with  atmospiherie  is^ 
becc^nes  explosive;  and  it  may  give  an  idea  of  the  extent  to  which  this  ordinaiy  iMoe 
may  extend  to  mention  that,  in  an  instance  on  record  (the  first  walkings  of  a  seam  ii 
the  celebrated  WaUsend  pit,  near  Newcastle-<m-Tyne),  the  coal  actually  gare  of 
sufficient  gas  to  have  lighted  the  pit.  In  this  case  small  holes  mi^t  be  drilled  in  aaj 
part  of  the  soUd  coal;  and  on  sticking  a  tin  pipe  in  the  apeztore,  and  implying  a  ]i|^ 
a  flaaie  was  produced, — so  that  the  whole  &oe  of  the  woridng  was,  as  it  were,  a  gas> 
pipe ;  and  when  shots  were  fired  for  Wasring  the  coal,  tiie  gas  was  general]^  fired  at 
the  same  time  without  explosion. 

Now  whatever  be  the  quantity  of  gas  grrm  off  from  the  pores  or  edges  of  the  ootll» 
the  vcBtUation  of  the  mine  oa^t,  under  all  dimmstsnoes,  to  be  more  tiiaa  miflhiiBi 
to  cany  it  off  If  it  b  not,  the  danger  is  ao  immiufnt  that  it  csn  acarodj  be  eon- 
sidntd  less  than  wilftd  exposure  to  destroctian  to  proceed  to  worii  in  the  amie  at  aU; 
liw  the  slightest  dersngonent  of  anjpart  of  the  affaxatus  fiorTenliktimis  than  ahnoit 
Mtrtainly  followed  by  an  accMkmt  But  these  extrone  cases  are  rare;  and  theee  if 
gf^wilfy  no  difficoItT  in  contriTmg  n  TentOalMa  whidi  shall  cany  eff  iSb»  qumtitf 
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flrixDuily  liberated.  The  dangerous  part  of  working  a  mino  is  often  not  oonsidored 
to  lurre  eommenoed  in  this  early  stage  of  the  works ;  and  it  U  usual,  in  working  the 
whcAs  eotlf  to  use  only  open  candles,  in  spite  of  risk.  It  is  an  important  fact,  that, 
BotwitliBtanding  this  opinion,  numerous  accidents  on  reconl  have  bapjioned  when  the 
voridiigfl  were  in  this  state. 

There  are,  however,  other  cases  in  which  the  gas  is  liberated  not  so  continuously  as 
in  that  just  alluded  to,  and  in  a  much  more  dangerous  way ;  these  unhappily  can 
Bcaroely,  if  at  all,  be  guarded  against,  and  seem  beyond  the  chance  of  improyemcnt  by 
any  methods  of  ventilation. 

It  may  bo  considered  as  a  principle  in  coal  mining  that  the  ordinary  Tontilation 
should  carry  off  the  constant  issue  of  gas  without  allowing  it  to  acctmiulate  and  become 
dangerous ;  bat  firom  time  to  time  it  hapx>cns  that  at  some  crack  in  the  coal  scam,  or 
Mine  fisiult  or  slip,  often  quite  insufficient  to  derange  the  general  plan  of  working,  there 
proceeds  suddenly,  without  warning,  and  apparently  without  any  cause,  a  puff  of  gas, 
which  will  continue  sometimes  for  a  longer  and  sometimes  for  a  shorter  time,  and 
sometimes  perpetually ;  everything  about  this  being  uncertain,  and  therefore  not  to  be 
provided  against.  A  remarkable  instance  of  this  kind,  the  result  of  which  was  an 
aeeident  by  which  ten  persons  were  killed,  took  place,  a  few  years  ago,  at  EjUingworth, 
in  a  very  extensive  and  long-worked  pit,  on  the  north  bank  of  the  Tyne.  The  parti- 
culars of  this  accident  are  interesting  and  instructive,  as  it  occurred  while  working  the 
ihole  ooal,  with  open  lights,  in  a  mine  under  the  management  of  Mr.  Nicholas  Wood, 
one  of  the  most  eminent  viewers  in  the  kingdom. 

KUUngwovth  Accident. — In  this  case,  the  immediate  cause  of  the  accident  was 
tneed  to  a  small  fault,  which  had  been  reached  some  time  before,  but  which  had  sud- 
denly (between  the  going  off  of  one  set  of  men,  and  the  coming  in  of  another)  liberated 
a  large  quantity  of  gas,  and  filled  a  space  of  about  two  hundred  cubic  yards  with  highly 
explosive  gas.  The  roof  was  hard,  and  the  crack  barely  sufficient  to  allow  the  hand  to 
be  put  in  it.  The  explosion  took  place  in  consequence  of  the  foolish  advance  of  a  boy, 
wi&  a  lighted  candle,  who  preceded  the  man  whose  business  it  was  to  observe  the  state 
of  the  workings.  All  the  party  were  killed,  and  stoppings  or  walls  were  blown  down, 
eonristing  of  two  ten-inch  brick  waUs,  and  a  series  of  five  alternations  of  one  yard  of 
rabUe  wall,  and  four  feet  of  rubbish,  to  a  total  thickness  of  forty  feet.  The  gas  con- 
Itnued  to  issue  rapidly,  and  for  thirteen  days  after  the  accident  might  have  been  lighted 
and  burnt.  At  that  time,  indeed,  it  was  impossible  to  approach  the  scene  of  the  explosion 
within  several  yards  with  a  lighted  lamp,  as  the  atmosphere  contained  too  small  a  pro- 
portion of  oxygen  to  support  flame. 

It  will  be  seen  that  the  danger  was  here  absolutely  impossible  to  provide  against, 
as  increased  ventilation  would,  if  anything,  have  increased  the  evil,  and  no  ventilation 
ooold  bave  been  so  contrived  as  to  carry  off  a  sudden  addition  of  so  largo  a  quantity  of 
gas  without  forming  an  enormous  quantity  of  explosive  mixture.  On  the  other  hand, 
tiie  immediate  cause  of  the  accident  was  carelessness  of  the  grossest  kind  on  the  part  of 
the  man,  whose  chief  duty  it  was  to  go  first  to  see  whether  danger  existed.  Had  ho  done 
this,  he  would  have  been  able  to  discover  the  state  of  the  workings,  and  might  have 
prevented  the  accident  by  giving  timely  warning  to  the  men  bringing  open  lights. 

Qoaf. — ^Another  cause  of  danger,  which  has  not  been  provided  against,  but  which, 
thouf^  imdoubtedly  very  serious,  does  not  appear  to  have  been  followed  by  many 
accidents,  consists  of  the  accumulation  of  gas  in  those  broken  roofs  of  the  mino  which.   \ 
are  known  locally  under  the  name  of  goaf,  \ 
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The  goaf  is  the  result  of  a  peculiAr  mode  of  working  tho  coal,  bj  which  the  roof 
of  sandstoiu)  or  shaXo  is  allowed  to  fell  by  degrcoB.  It  should  be  stated,  howeyer,  tiiat 
tiioro  arc  threo  distinct  methods  of  working,  in  which  a  goaf  occurs — namely,  tiulearing 
a  goaf  entirely  behind,  leaving  it  partly  behind,  and  leaving  it  in  tho  middla  of  llw 
works.  The  opinions  of  practical  men  in  the  north  are  still  divided  aa  to  tho  zelativi 
valuo  and  r^tivo  danger  of  thesQ  methods ;  but  tho  ventilation  that  would  render  the 
one  safe  would  manifestly  bo  useless  for  another ;  so  that  horc,  again,  tho  elemontaxy 
piinoiples  of  coal  mining,  with  a  view  to  ventilation,  rcquiro  to  be  carefully  adapted  to 
tho  particular  case. 

The  goaf  being  of  the  nature  of  a  iunncl,  the  light  gas  will  drain  into  the  upper  portion 
of  it ;  and  in  cases  whcro  there  are  not  many  faults,  might  sometimes  be  brought  to  tbe 
surfaco  in  shallow  mines,  cither  according  to  a  mclbod  proposed  by  Mr.  Byan,  and 
adopted  in  South  Staffordshire,  or  by  the  upper  strata  being  pierced  or  bored  from  the 
surface  before  being  worked.  The  former  method  consists  in  running  a,  gallozy,  or 
headway,  as  it  is  called,  above  the  working  headway  to  the  highest  place  worked,  and 
boring  down  from  different  points  to  meet  the  cool.  Tho  gas  then  escapes,  rising 
naturally  to  the  surface.  It  is  probable  that  the  adoption  of  this  method  might  at 
least  some  times  bo  tried  in  the  north  of  England  with  advantage ;  but  it  is  no  dooU 
more  Ukcly  to  be  successful  in  the  mines  of  Wales  and  South  Staffordshire. 

Janro'w  Accident. — An  accident  that  occurred  at  Jarrow  Colliery,  about  tiic 
same  time  as  that  at  Killingworth,  was  also  the  result  of  a  blower  or  feeder  of  gai 
suddenly  given  off;  but  in  this  case  the  exact  spot  was  not  known,  as  tho  gas  had 
coascd  to  come  away  when  the  mine  was  in  a  condition  to  be  examined.  At  tho  great 
explosion  at  Uaswoll,  on  the  other  hand,  on  tho  28th  of  September,  1844,  the  accident 
occurred  near  the  goaf;  and  as  it  illustrates  another  point  of  interest,  it  is  worth 
while  to  give  a  brief  account  of  the  accident. 

Hasw«ll  Accident. — The  Ilaswell  Hoyalty  includes  about  a  thousand  acres  of 
.siirfacc,  and  was  at  that  time  worked  entirely  from  two  shafts.  In  the  seam  in  which 
the  accident  happened  (the  Ilutton  seam)  tiie  greater  part  of  the  mineral  has  been 
already  obtained  and  the  pillars  left  to  support  the  roof  have  been  partly  taken  away. 
The  districts  in  which  t]ie  coal  is  worked  (the  panels)  are  not  very  large,  but  unfiv- 
tunatcly  they  have  been  allowed  to  run  too  much  into  one  another.  The  accident 
occurred,  it  is  supposed,  at  or  near  a  particular  spot  where  two  of  the  divisions  or 
panels  approximate. 

Now  if  in  this  case  tlie  separation  between  each  x)ancl  had  been  complete,  and  there 
had  also  been  a  distinct  passage  from  each  ])ancl  to  tlie  pit-bottom,  it  is  certain  that  all 
the  persons  in  the  otlicr  panels  might  have  been  perfectly  safe.  As  it  was,  betwcoi 
forty  and  fifty  persons  were  unfortunately  left  in  the  working  most  distant  from  the 
pit  bottom,  not  one  of  whom  escaped.  More  than  half  the  wholo  number  killed  mig^ 
probably  have  been  saved  if  a  fi-co  and  safe  communication  had  existed. 

The  practicability  of  adopting  any  method  that  should  have  for  its  object  tlie  com- 
plete separation  of  different  workings  of  the  mine,  depends  partly  on  expense  and  partly 
on  tho  degree  to  which  tho  main  ciurent  of  air  can  be  so  far  subdivided  as  to  viwtihite 
many  distinct  districts.     In  both  those  respects  the  case  is  clear  and  satisfactory. 

VentilatioBL. — liCt  us  next  consider  how  all  tlieso  different  points  bear  npon  the 
main  subject  of  the  ventilation  of  coal-mines,  as  connected  with  tho  most  economio  and 
safe  methods  of  working  such  mines.  From  the  very  natuic  of  the  case,  wo  have  a 
number  of  tall  chimneys  (usually  considered  necessary  and  snffiioieDt  to  oreeto  a  atiDDg 
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dzmught  of  air)  in  the  ihafta  already  sunk  to  reach  tho  coal ;  wo  only  require^  there- 
Ine,  lome  meant  to  set  the  air  in  motion ;  and  of  aU  mcanB  tho  fiimace  is  tho  moet 
ready  aid  naturaL  In  a  coal-mine,  octordinp^ly,  whore  there  arc  two  shafts,  or  where 
in  the  aibeenoa  of  a  second  shaft,  tho  one  is  divided  into  two  ports,  a  fiimaco  is  always 
placed  at  tho  hottom  of  one,  and  forms  what  is  called  tho  up-eeui,  conveying  again  to 
tho  worhce  tho  air  which  has  h<>cn  drawn  down  tho  other,  or  downeaat  shaft,  after  it  has 
been  fbreed  to  pass  tiirough  all  or  part  of  tho  workings.  Tho  air  brought  into  tho  mine 
through  tho  downcast  shaft  is  collrd  tho  "  in-takc  ;**  and  when  it  has  got  past  tho  chief 
working,  and  is  on  its  way  towards  tho  upc-ast,  it  is  then  called  the  **  retunu." 

The  fiimaoo  offinv  a  means  of  producing  almost  any  amount  of  ordinary  ventilation; 
oad  by  means  of  contrivances  cosily  applied,  it  is  a  safe  resource,  oven  when  part  of 
the  air  brought  out  of  tlic  minu  in  in  an  rx])lusiyc  state.     This  portion  is  generally 

j  conducted  along  a  separate  courae,  and  made  to  rnter  tho  shaft  twenty  or  thirty  feet 

I  above  the  furnace.  The  draught  is  there  sufficient  to  carry  it  up ;  or  if  not,  a  portion 
of  fresh  air,  admitted  from  below,  effectually  and  safely  g(?ts  rids  of  it.    A  contrivance 

I  of  this  kind  is  common  in  all  fiery  mines,  and  is  called  tho  dumb  furnace. 

When  a  quantity  of  air  is  thus  obtained  in  circulation,  tho  next  matter  to  bo  die* 

I  cussed  is  tho  best  method  of  making  use  of  it. 

I        Counteg  the  Air.— There  is  one  very  obvious  method,  which  was  ica  a  long  time 

■  adopted— namely,  to  force  the  whole  of  tho  air  to  pass  in  succession  through  all  the 
passagos  and  galleries  by  preventing  communication  between  thrm  except  in  one  diree- 

I  tion.  But  it  was  found,  after  a  timo,  tliat  this  simplo  method  was  l>oth  inefficient 
I  and  unequal.     In  order  to  got  any  current  at  all  in  the  ascending  o^jlumn,  it  was  necos- 

wry  to  have  a  very  large  8upi)ly  drawn  along  narrow  passages  for  a  distance  amounting  in 
'  (tome  cases  to  sixty  or  seventy  miles.    The  rate  of  progress  was  of  course  very  slow,  and 

Ibo  risk  of  danger  enormously  great ;  while  if  llie  air  was  foul  anywhere,  tho  wholo  of 
,  that  gas  was  carried  through  the  rest  of  tho  working^s  and  tht;  ventilation,  for  all 

effective  purposes,  lamentably  deficient.  Pairs  of  galleries  were  sometimes  ventilated 
'  together ;  and  often  a  largo  extent  of  the  broken,  or  district  whence  tho  coal  hod  been 

partially  extracted  and  the  pillars  left,  was  often  altogether  imvcntilatcd.     It  was 

■  found,  however,  at  last  that  if  a  current  of  air  was  allowed  to  select  between  two 
districts,  both  of  which  communicated  with  tho  upcast,  it  did  not  take  the  shortest 
way  and  leavo  the  other  untraverscd,  but  divided  itself, ~a  certain  part  going  off  through 
one  sot  of  galleries,  and  a  certain  part  also  through  tho  other  set.  "When  it  was  tried 
what  tho  quantity  of  air  thus  passed  in  each  case    might  be,  it  appeared  that  the 

i  ram  of  tho  two  quantities  was  very  much  greater  than  what  had  passed  through  before 
I  la  this  way  tho  important  principle  was  established,  that  the  quantity  of  air  brouffht 
'  down  into  a  mine  might  be  increased  hj  incrcaning  the  number  of  diatinct  currents  to  the 
npeast  shaft.     It  remained  to  dotcrmino  to  what  extent  this  method  is  available. 

Splitting  the  Air.— Experiments  are  still  wanting  to  settle,  in  a  satisfactory 
mamier,  this  extremely  interesting  and  important  question ;  but  to  obtain  some  idea 
of  the  immediate  effect,  an  experiment  was  made  by  the  author,  accompanied  by  Mr. 
Nicholas  Wood,  in  a  new  mine  (Tyno  main],  at  a  time  when  it  liad  been  only  recently 
opened,  on  tho  south  bank  of  the  Tyne.  In  this  mine  tho  air,  as  it  reached  the  bottom 
of  the  downcast  shaft,  was  split  into  throe  currents,  tho  principal  one  going  into  the 
north  district.  On  measuring  this,  by  counting  the  number  of  seconds  during  -which 
flie  nidke  of  gunpowder  is  conveyed  for  a  certain  distanoo,  it  was  found  that  trwcaf^ 
thwaand  cuWo  foet  per  minute  must  have  passed  into  the  workm?^  mo^rn^  ^  \>ti!^  ^^^jj^ 
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of  four-and-a-half  miles  per  hour.  Having  decided  this,  a  communication  direct  to  the 
furnace  was  opened,  by  means  of  which  free  way  was  allowed  to  the  air  to  escape  imme- 
diately to  the  surface ;  but  the  effect  was  only  to  reduce  the  supply  into  the  woikings 
£rom  twenty  thousand  to  sixteen  thousand  feet,  although  the  total  amount  of  twenty 
thousand  were  now  passed  over  the  furnace  direct.  The  quantity  of  air  brought  down 
was  thus  increased  by  four-fifths  of  its  former  amount  by  this  operation  of  splitting. 

The  result  of  the  discovery  of  this  power  of  splitting  the  current  of  air  has  been 
extremely  important.  Instead  of  the  air  travelling  forty,  fifty,  or  even  seventy  mike, 
as  it  did  formerly,  it  is  now  rare  to  find  an  air-course  of  greater  length  than  about 
four  miles  in  a  well-regulated  colliery.  There  can  bo  no  doubt  that  the  general 
health  of  the  miners  must  be  improved,  as  well  as  the  danger  of  explosions  lessened, 
by  the  introduction  of  the  plan. 

It  should  not  be  forgotten,  that  a  due  application  of  such  a  method  requires  some 
knowledge  and  experience.  In  order  to  obtain  full  benefit  from  it,  the  mines  should 
be  properly  superintended;  for  although  these  methods  are  adopted  and  admirably 
contrived  so  as  to  be  most  effectual  in  the  larger  mines,  yet  where  there  is  no  con- 
stant superintendence  of  an  intelligent  viewer,  it  is  scarcely  to  be  expected  that  any 
great  care  should  be  taken  about  the  matter. 

Boors  and  Stoppings. — The  principle  of  splitting  the  air  once  admitted  and 
applied,  the  actual  ventilation  of  a  mine  requires  that  there  should  be  provided  a  certain 
set  of  doors  and  stoppings,  some  permanent,  some  moveable,  some  only  partial ;  all  of 
which  require  to  be  well  planned  at  first,  adapted  to  the  general  method  of  ventila- 
tion, and  constantly  superintended  by  efficient  overseers.  Much  of  the  value  of  the 
ventilation  depends  on  minute  attention  to  details,  which  it  would  be  tedious  to  describe; 
but  perhaps  it  may  be  worth  while  to  mention  the  nature  of  the  different  kinds  of  doors, 
and  their  uses. 

Stoppittffs  have  been  already  alluded  to.  They  are  of  the  strongest  possible  con- 
struction, sometimes  twenty  yards  thick,  and  constructed  of  brick  and  rubble  wall  and 
rubbish.  JN'otwithstanding  Iheir  strength,  they  are  often  blown  down  in  case  of  an 
explosion.  Small  openings,  about  twenty  inches  square,  with  what  are  called  main 
doorSf  sometimes  communicate  through  a  stopping. 

The  main  doors  are  far  less  solid  than  stoppings ;  but  are  still  very  strong,  made  of 
the  best  materials,  and  closing  accurately.  These  are  always  placed  in  pairs,  with  a 
space  between  them,  so  that  one  may  be  closed  while  the  waggon  is  going  along,  and 
before  the  other  is  opened.    In  the  most  important  places  there  are  three  such  doors. 

SkeU  doors  are  less  permanent  than  the  former  kind,  and  are  used  in  places  where 
the  work  is  proceeding.  They  communicate  through  the  brattices,  or  wooden  partition 
walls  which  conduct  the  column  of  air. 

Sham-doors  only  check  and  do  not  prevent  the  passage  of  air.  The  air  which 
escapes  through  the  doors  is  called  the  scale,  and  is  sometimes  used  in  partial  ventilation. 

Boys  and  old  men  are  generally  intrusted  with  the  opening  and  shutting  of  doora ; 
aiid  much  of  the  safety  of  the  mine  depends  on  this  being  properly  attended  to. 

In  the  management  of  the  ventilation  and  the  distribution  of  the  return  currents, 
which  all  gradually  unite  into  two,  it  is  often  necessary  that  one  current  should  pass 
over  another.    This  is  effected  by  a  strong  brick  arch  called  a  crossing. 

Candles  and  Safety  l^an&ps.— It  will  be  manifest  that  no  work  can  be  con- 
ducted  under  ground^without  artificial  light.  The  simplest  li^^  is  deriyed  fiom  smali 
tallow  candlea;  and,  for  many  reasons,  this  is  the  most 
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I  where  there  is  no  danger  of  the  contact  of  open  flame  with  inflammablo  gas.  Fonnerly, 
I  indeed,  all  the  ordinary-  work  of  a  mine  was  conducted  hj  those  candles ;  and,  in 
I  case  of  an  accident,  a  clumsy,  inefficient,  and  dangerous  contrivance  was  adopted, 
I  called  the  sUel  miH,  by  which  a  faint  light  was  produced  by  the  striking  of  a  rim  of 
:  8tecl  against  a  flint  There  can  bo  no  doubt  that  explosions  have  occurred  from  the  use 
i  of  this  instrument. 

In  the  year  1815  was  introduced  tho  contrivance,  since  well  known  as  the  Davy 
Lamp.  It  ia  a  lamp  surrounded  with  wire>gau2o,  of  a  certain  degree  of  fineness; 
allowing  the  air  to  pass  froely,  and  only  intercepting  a  portion  of  the  light,  but  having 
the  spaces  betwoen  the  wires  too  small  to  permit  the  flamo  of  an  explosion  to  pass.* 
Theorotioally,  imder  most  ordinary  circumstances,  this  lamp  is  perfect.  It  will,  how- 
ever, set  fire  to  explosive  mixtures  of  certain  gases,  and  will  allow  flame  to  pass  through, 
when  either  tho  flame  is  driven  through  the  gauze  with  a  blast,  or  the  lamp  is  moved 
very  rapidly,  producing  the  same  effect.  The  heated  gauze  may  also  occasionally  set 
fire  to  minute  fragments  of  bituminous  coal  floating  in  tho  air,  and  adhering  to  the 
sides  of  the  lamp.  Generally,  however,  no  instrument  can  be  more  useful ;  for  it 
possesses  tho  advantage  of  simplicity  to  a  high  degree,  can  bo  made  very  cheaply, 
and  is  not  heavy.  Many  other  ingenious  contrivances  have  been  suggested — all, 
no  doubt,  improvements,  in  one  sense,  of  the  Davy,  but  none  of  them  so  universally 
applicable.  The  Oeordie,  as  it  is  called,  has  a  glass  defence  outside  an  ordinary 
Davy;  and  this  form,  adapted  by  Mr.  Oeorgo  Stephenson  the  engineer,  is  still  used  in 
the  Killingworth  pit,  where  he  worked. 

The  MueseUr  lamp,  liighly  appreciated  in  Belgium,  is  greatly  more  complicated 
than  the  Davy,  and  has  not  boon  much  used  in  this  country.  A  part  of  the  gauze  is 
replaced  with  glass,  and  there  is  a  small  chimney  within  the  lamp,  preventing  explo- 
sions of  a  dangerous  atmosphere  from  taking  place  inside.  More  light  is  given,  but  tho 
lamp  is  heavy,  and  seems  likely  to  get  out  of  order. 

The  introduction  of  the  Davy  lamp,  as  an  ordinary  light  for  fiery  mines,  is  a  matter 
of  great  importance ;  and  it  requires  to  be  considered  first  whether  it  is  practicable — 
secondly,  whether  it  would  be  absolutely  effectual — and  thirdly,  whether,  even  if  not 
absdutely  effectual,  it  is  stiU  on  the  whole  advisable.  These  are  all  points  that  ought 
to  be  carefully  investigated ;  since,  if  advisable,  then  it  is  clear  that  tho  use  of  the 
lamp  should  be  generally  enforced,  under  heavy  penalties.  Let  iis  consider  the  chief 
ciicmnstanccs  of  tho  case  : — 

It  is  certainly  practicable.  In  the  "Wallsend  pit  there  were,  at  one  time,  one  hundred 
and  thirty  Davies  in  constant  daily  use.  It  is  true  that  they  show  a  slight  diminution 
of  light  as  compared  with  candles ;  but  this  is  not  sufficient  to  prevent  tho  men  finom 
preferring  to  work  with  the  Davy  at  the  same  wages  where  the  coal  is  more  easily 
broken  (more  tender)  in  consequence  of  tho  pressure  of  the  roof  on  the  pillars.  In  some 
of  the  Prussian  and  Belgian  mines,  and  in  one  (the  Walker  colliery)  in  the  Newcastle 
district,  no  open  lights  whatever  are  used.  In  neither  case  have  accidents  happened 
which  coxdd  not  be  at  once  satisfactorily  explained ;  and  in  the  mines  on  the  Saare,  in 
Gennany,  which  are  very  fiery,  several  hundred  safety-lamps  have  been  in  use  for 
•  The  cause  of  this  is  easily  understood.  When  the  lame  impinges  on  one  side  of  the  gauee,  the 
heat  is  rapidly  conducted  through  it ;  hut  owing  to  the  large  quantity  of  surface  exposed,  the 
nfiatioa  is  also  extremely  rapid,  and  the  outer  surface  is  cooled  down  helow  the  point  sufficient  to 
IgBits  the  inflammable  air.  When  the  mixture  of  gases  includes  olefiant  gas— or  sulphuretted  hydro, 
gn,  ivliidi  hums  at  a  lower  heat— the  explosion  may  pass  through,  and  an  acd^enoX.  qk^<sv>x  \\(a\.>^<t^ 
«•■«  m  extremely  rare. 


\ 
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twenty-two  years,  dttring  irhicli  time  only  two  explosions  have  occurred.  In  one  of 
Hhom  three  meshes  of  the  gauze  had  been  destroyed  by  the  heat ;  in  the  other,  there 
had  boon  a  fell  of  the  roof  of  several  tons,  which  had  broken  the  lamp. 

To  nse  Davy  lamps  entirely,  in  fiery  mines  in  the'  Newcastle  coal  fields,  would  also 
be  a  very  trifling  expense ;  not,  indeed,  amounting  to  more  than  a  few  hundred  pounds 
a  year  in  any  mine.  All  that  is  needed  is  an  ample  supply  of  good  lamps ;  a  few 
quick-sighted  steady  men  to  give  out  the  lamps  to  the  hewers,  and  lock  them  after 
examining  each  gauze,  and  to  receive  them  at  the  close  of  the  work.  The  regulatiom 
in  the  Wallsend  Colliery  are  sufRcient  to  show  the  perfectly  practicable  nature  of  an 
arrangcmeiit  of  this  kind,  and  are  produced  here  as  a  useful  illustration. 

ORDEBS   K-BSFEOTIKO  TlIK  DAVT  liAMPS  IN  USE    AT  WALL8END  OOLLIKBr. 

1.  Ko  workman  of  any  description,  whether  overman,  deputy,  hcwcr,  or  any  one  whatever,  is 
allowed  to  use  a  lamp  in  the  broken,  without  its  having  been  previously  examined  and  locked  by 
the  lamp-keeper  or  deputy. 

2.  No  one  having  charge  of  a  Davy  lamp  is  allowed  to  interfere  with  it,  in  any  way  what- 
ever,  beyond  the  necessary  trimming  of  the  wick. 

3.  Should  any  accident  happen  to  the  lamps  whilst  in  use,  by  which  either  the  oil  is  spilt  upon 
the  gauze,  or  in  any  other  way  rendered  unsafe,  they  are  to  be  immediately  taken  to  the  Davy  boy 
at  the  station  api>ointed  by  the  viewer  of  the  colliery,  and  not  again  used  until  they  huve  been  pro- 
perly cleansed  and  examined  by  the  lamp-kecijcr  or  deputy. 

4.  In  case  of  any  sudden  discharge  of  gas,  by  which  the  lamps  may  become  filled  with  fire,  it  is 
strictly  ordered  that  all  lamps  are  to  be  instantly  withdrawn,  and  not  again  introduced  until  the 
workings  are  pronounced  safe  by  the  overman  or  deputy  in  charge  of  the  pit. 

6.  In  case  of  any  person  having  charge  of  a  Davy  lamp  losing  his  light,  he  is  immediately  to 
take  it  himself  to  the  Bavj  boy,  and  is  not  allowed  to  send  it  by  any  other  person,  and  is  not  to 
remove  any  of  the  stationary  lamps  in  the  going  boards,  as  that  will  deprive  the  putters  of  fhdr 
light. 

6.  Smoking  tobacco  is  strictly  prohibited  in  the  broken  ;  and  persons  wishing  to  smoike  nmst 
come  to  the  out-by  side  of  the  lamp  station,  and  on  no  account  attempt  it  in  the  workings. 

7.  No  candle  or  naked  light  to  be  taken  nearer  the  broken  than  the  lamp  station. 

•8.  No  putters,  way-cleaners,  stone-lads,  drivers,  or  others,  are,  under  any  pretext  whateva,  to 
carry  a  lamp  during  their  work.  A  sufficient  number  of  lamps  will  be  hung  in  the  going  boards  and 
wagon-way,  to  prevent  the  necessity  of  boys  carrying  lamps . 

9.  It  is  particularly  requested  that  any  person  witnessing  any  improper  treatment  of  the  lamp, 
or  any  other  inftingement  of  those  orders,  by  the  boys  or  others,  will  immediately  give  infonaatiol 
to  the  Ofverman  or  deputy  in  charge  of  the  pit;  and* as  information  of  any  neglect  or  improper 
treatment  of  the  lamp  is  absolutely  necessary  for  the  better  protection  against  accident,  a  reward  of 
ten  shillings  will  be  paid  by  the  owners  to  the  informer,  on  the  conviction  of  the  offending  party. 

10.  Any  person  being  convicted  of  breaking  any  of  the  above  rules,  to  be  summoned  belbre  a 
ttii^strate,  or  discharged,  at  the  option  of  the  viewer  of  the  colliery. 

But,  in  the  next  place,  it  will  bo  asked  whether  the  use  of  the  Davy  lamp  it  in 
absoluto  safeguard ;  and  this  question  must  be  answered  in  the  negative,  sinco,  as  wc 
have  already  seen,  accidents  may  possibly  occur,  in  two  or  three  ways,  even  if  the 
Davy  is  in  good  condition,  and  is  being  fairly  used.  Sir  H.  Davy  himself  was  a;waic 
of,  and  stated  this  fact. 

The  circumstances  under  which  the  lamp  is  liable  to  accident  are,  however,  thaae : 
— 1st.  Exposure  to  a  jet  of  gas,  whether  explosive  or  pure,  after  the  carbonic  acid  gas 
9A,  the  bottom  of  the  lamp  has  bocn  removed.  This  is  readily  illustrated  by  foron^  ! 
the  gas  issuing  from  a  common  street  pipe  through  the  sides  of  the  lamp  in  a  burmzig 
titsLiib,  2nd.  Ibq)OSure  to  a  mixture  of  sulphuretted  hydrogen,  of  pure  hydrogen,  or  of 
oleSant  gas,  with  the  light  carburcttcd  'hydrogen,  as  it  is  commonly  found  in  buhm. 


A0Cn>ENT8  FBOH  WATER.  ^^ 


It  is  said  by  somo  chemists  that  thcso  gasos  arc  occasionally  present  in  coal  minos; 
but  wc  have  the  authority  of  Ilenry,  Thomson  and  Da>'y,  and  more  rocontly  of 
Professor  Graham  and  Dr.  Lyon  riayfair,  for  stating  that  thoy  arc  not  found  in  tho 
explosive  gases  of  the  north  of  England,  or  olscwhere  as  examined  by  them.  8rd.  By 
the  burning  of  small  fragments  of  cool  adhering  to  the  gauxe.  This  is  rather  assumed 
u  possible  than  distinctly  known.  It  was  tried  by  Davy  with  street  gas,  bat  the 
result  was  doubtful.  4th.  By  the  falling  of  fragments  of  conl,  &c.,  from  the  roof,  and 
consequent  breaking  of  the  lamp.  Those  are  all  eases  in  which  the  Davy  lamp  may, 
it  is  said,  be  the  moans  of  causing  an  accident  from  ex])losion ;  and  somo  of  them  would 
be  avoided  by  tho  use  of  the  improved  lamps  of  various  kinds.  On  the  other  hand,  it 
may  be  said  that  the  experiments  made  by  mixture  of  street  gns  with  common  air  arc 
not  altogether  satisfactory,  since  tho  gas  produced  from  the  distillation  of  coal  is 
more  explosive  than  common  coal  gns  in  mine«,  and  is  explosive  at  lower  tcnipcraturGs. 
This  was  distinctly  sIio^rti  by  Da^y  with  reference  to  the  particles  of  e^al  and  pyrites 
floating  about  in  tho  atmosphere  of  the  mine.  It  requires  that  careful  comparative 
experiments  should  be  made  with  specimens  obtained  from  mines,  in  order  to  dctcnnino 
tbis  and  other  points  of  the  same  kind. 

"With  regard  to  the  relative  vnlue  of  tho  diflTerent  safety  lamps  that  have  been  intro- 
duced, the  shielded  Davy  may  be  said  still  to  kotp  its  plac-c.  In  its  great  simplicity, 
its  proportions  and  portability,  and  in  its  being  the  best  known  to  tlio  miner,  this  lamp 
most  be  considered  to  ]X)S8ess  many  advantages  over  any  other ;  and  it  may  bo  doubted 
whether  a  greater  degree  of  safety  is  really  and  etfectually  produced  by  any  other  con- 
trivance. It  has  been  now  used  for  nearly  forty  yeai-s,  and  in  almost  every  case  whore 
dinger  was  known— and  how  frequent  these  cases  are  those  only  arc  aware  who  have 
▼isited  the  mines  themselves.  It  has  been  trusted  implicitly,  even  to  folly,  by  the 
superior  officers  of  the  mines,  in  thousands  and  tens  of  thousands  of  doubtful  cases,  and 
where  it  was  well  known  that  explosive  mixtures  existed.  In  by  far  tho  greater 
amnber  of  the  two  hundred  pits  in  the  Newcastle  coal  fields,  the  proper  officer  procoods 
st  least  once  every  day,  wit^  this  instrument,  through  tho  districts  actually  worked, 
before  they  are  visited  by  the  men ;  and  every  week  or  fortnight  through  the  rest  «f 
the  mine  where  the  gas  is  most  likely  to  accumulate.  And  if  occasionally — end  it  is 
a  very  rare  case — ^there  has  been  an  explosion  where  no  other  cause  could  be  fairly 
vrigned  than  the  Davy  lamp,  we  ought  not  to  leave  out  of  consideration  the  innu- 
nerahle  instances  in  which  it  has  proved  itself  to  be,  when  properly  used,  a  Bufficient 


SIfeot  of  Weather  and  Season  on  Szplosions. — Explosions  in  coal  mines 
from  fire-damp  have,  for  many  years  past,  become  of  serious  importance,  from  their 
frequency,  and  the  large  number  of  lives  often  sacrificed.  They  occur  in  all  our  ooal 
fields,  and  arc  certainly  not  less  numerous  now  than  formerly.  Any  facts  concerning 
fhem  are  interesting,  and  may  be  important ;  so  that  tho  following  details  of  upwards 
of  one  hundred  recorded  explosions  may  be  acceptable.  Of  these  explosions,  eighty- 
two  happened  on  four  days  of  the  week,  and  nineteen  only  on  the  remaining  three ;  the 
order  being  as  follows  : — Tuesday,  twenty-five ;  l^Viday,  twenty ;  Monday,  nineteen ; 
Thursday,  eighteen  ;  Saturday,  eight ;  Wednesday,  six ;  and  Sunday,  five.  Out  of 
nxty-three  whoso  dates  are  known,  twenty-nine  occurred  in  the  four  months  from 
tSeptember  to  December,  both  inclusive  ;  and  thirty  foiu:  in  the  remaining  eight 
mraiths.  Out  of  thirty,  as  many  as  twonty-threo  wero  when  the  wind  was  either 
N."W^  v.,  S.W.,  or  S.,  and  only  seven  when  the  wind  was  from  liiB  TeT\wKaiED%  i^?**" 


vtrs ;  «uMe  6i  tiuam  ^i:r^  fMt  ^vi  Hbu:  mrf^sL:  Eeuu?  tf&ol  con  wixuL  wst  9UL      Q^its 
jMtktfit&fsai  h^AUr  '^aertt  ^.pfd  vavjeiadr  bnt  no  ^susxal  wrffTTmnn.  agang  .lerorahio. 
-  fait  M4i  Maaift  a^nuUmu  an  aoc  «»fLia£d  &>  rrgfiawnnii;  ami  wvobc  as  vdL  »  ar 

I  A#<iiiMU  iWi  WatoKr—A*  aa  initf2zu»  cf  diii.  ol  t^  Tear  liU  jevostr-ibc 
yewtm  ^•(t^  hsf/wt*^  m  thA  IhaOfifL  ICua  C^Juierj  :  :he  •lul  wozxixigs  of  anolte 
isMffff  m  irkwtb  th^  «r«ter  had  a«%izBmkttai  rrulaBr  mco  dti^  wcda.  wMcfLw^re  earned  j 
<w  m  »|^/rsA/^.^  6f  tl'u^  priyzlailtf  of  these  old  mmes.  AcfftL'Bi:;^  of  diiB  kind  bsfe  alu  I 
l5r)iw|(»fe»Uy  fc^^^^Md  m  ^.^Imt  «im1  &ddi ;  acod  it  i«  enlj  a  jSev  yesrs  snce  one  oi  tiie 
furiiMv^  ^AiUiti^  fA  Witiuiofrak^  carried  oo  under  toe  bed  oC  t£bfr  oi'pgn,,  was  anddeB^ 
mmI  f/^ttffiH^y  (Usu^f^fA  hf  ti^,  'mKtamouk.  of  tb£  aca  s]iCi>  tlte  wnrfcmjTf. 

(^n^  fA  Hb^  MMt  imyftVaA  hi  the  aceidenta  of  tbi§  kind  on  iccocd  oecnrzEd  in  1833^ 
in  aik  Arxlemi r^  ^^h  ««>nMTf,  of  whidii  the  working  woe  aa  msuib.  nxfoxed  bj  tibe 
imt^m  t/t  a  rir«r  iiirt>  th^m  aa  to  alkenrardi  abnortiHeicfls. 

ih»  tkt!  2f>th  fd  /oDA,  in  the  year  abore  mentioned,  two  geitkmaL  fiafazn^  m  the 
n^tsr  iharty^i'k^  f/fjuerred  t»Ma\j  tfifpomib  to  where  thej  weie  standing  a  sh^it  empdoB, 
wbi/;b  tb/T'  Kuppf/ntA  at  flrxt  wa«  o<!^;aaionf^  by  the  lea^  of  a  salmim ;  bat  a  gax^a^ 
wAim  whuih  nw^^fytMi  led  them  to  funpect  that  the  water  had  bndLen  into  one  of  tiie 
«oal  minm  nunffuwlinf^  the  nptft.  With  thu  idea  they  hastened  to  the  neaorest  |it> 
m^wib  Ut  (pre  wanttnt; ;  but  their  n/diee  was  neglected,  as  too  in^robahle  to  be  wvA 
attending  t/>,  i$ef/>re  l//ng  the  workmen  were  found  to  be  making  their  way  to  the  bottoB 
Iff  ihti  abaft^  msytfrsd  tit  them  being  up  to  their  neeks  in  water  when  they  reached  it  All 
iil  them,  howtsrtJTf  e<ieaped  with  life ;  and  as  soon  as  they  reached  the  sorfiicey  they 
frroe^^iMled  Ut  duu^U^  if  possible,  the  rush  of  water  into  the  mine,  by  filling  the  carity  ii 
ih<)  bed  of  the  rivfrr  with  straw,  clay,  kc. ;  but  their  efiEorts  were  yain,  £ar  the  water 
continued  to  jxmr  in  stf.-adily  till  the  follr^wing  afternoon,  when  a  large  space  of  the 
\fcd  <ff  ibe  rivcTf  was  broken  through,  and  the  whole  body  of  the  stream  was  in  a  short 
tim<}  engulphed,  its  bod  being  left  dry  for  more  than  a  nule.  The  liyer  was  affiictad 
by  the  tides,  and  this  engulphmont  took  place  at  low  water;  but  as  the  tide  rose,  the 
sea  entered  with  prodigious  force,  and  the  sight  was  impressive  beyond  description;  tiie 
water  (xmtinuing  to  pour  in,  till  the  whole  works,  extending  for  many  miles,  woe 
completely  filled,  and  the  river  resumed  its  ordinary  appearance. 

No  mjoner,  however,  had  this  token  place,  than  the  pressure  of  the  water  in  thepiti 
boonmo  so  groat,  that  thu  confined  air  which  had  been  forced  back  into  the  high 
workingH,  burst  through  the  surface  of  the  earth  in  a  thousand  places,  and  many  acns 
of  grotind  were  seen  to  bubble  up  like  the  boiling  of  a  cauldron.  Great  quantities  of 
sand  and  wutor  wore  aluo  thrown  up  like  showers  of  rain,  during  a  period  of  fiyehouis; 
and  an  exteniiivo  tract  of  laud  was  laid  under  water,  by  which  from  five  to  six  hundred 
persotis  wore  entirely  deprived  of  employment. 

ISUo«Ilan«oiui  Aooidtnts.— Many  other  accidents  occur  besides  those  of  fire 
and  water,  and  some  of  thorn  ore  occasionally  fatal ;  but  as  they  are,  for  the  most  part) 
ditpondont  on  local  (urcumstuncos,  and  must  bo  looked  on  rather  as  ordinary  casualties) 
whiith  eaniu)t  bo  entirely  prevented,  and  belong  more  or  less  to  all  kinds  of  employment, 
I  sliall  not  hero  dutoin  the  reader  by  dwelling  upon  them, 

Those  oonneotcdwitli  the  imperfootion  of  machinery — such  as  the  bursting  of  steam 
bollerii,  the  brt^uking  of  ropes,  disarrangement  of  the  winding  machinery,  and  others* 
M«  gradually  boeoming  fewer,  and,  witli  proper  oaro,  may  bo  reduced  to  a  very  small 
numbw;  hut  m  long  as  coal  mines  continue  to  bo  worked,  so  long  will  there  be  a  sac* 
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ceaaioxi  of  yictims  to  the  fire-damp,  a—"  monator"  which  no  art  of  man  is  over  likely  to 
lender  haimlefls, 

Impmrtmnct  of  Coal.— It  can  scarcely  be  necessary  to  point  out  to  the  reader  the 
Tast  importanoo  of  coal  in  all  parts  of  the  world,  and  the  interest  of  cyery  one  to  dis- 
eoFcr  and  make  use  of  such  stores  of  wealth,  when  they  exist  beneath  the  surface  of  the 
earth. 

In  a  country  like  England,  deprived  of  any  large  quantity  of  wood  by  the  advance 
of  civilization  and  the  replacement  of  forests  by  com  fields,  where  should  we  obtain 
means  for  enduring  the  inclemency  of  the  weather,  or  enjoying  any  comforts  at  our 
homes,  if  it  were  not  for  the  supplies  of  this  material,  conveyed  along  our  shores  by 
numerous  ships,  and  transported  by  every  train  on  our  railways? 

But  we  must  look  farther.  Where  would  be  our  manufaoturcs — where  would  bo 
our  iron,  the  staple  of  all  manufactures,  if  there  were  not  abundant  and  cheap  supplies 
of  valuable  fiiel  whore  the  ores  of  these  metals  occur  ? 

Without  coal,  could  this  country  have  advanced  beyond  its  condition  many  cen- 
turies ago — could  there  have  been  education — could  there  have  been  printed  books 
available  for  the  multitude — could  there  have  been  food  and  raiment  for  ourselves — or 
could  science  have  advanced  ?  Must  not  England  have  remained  in  the  back-ground, 
its  inhabitants  unable  to  exercise  that  intellectual  activity  which  they  have  exerted  in 
placing  their  country  in  advance  of  the  wholo  world  ? 

Without  coal  there  could  have  been  no  extensive  use  of  steam,  even  if  the  vast 
power  of  that  agent  had  been  discovered.  Without  steam  and  iron,  where  should  we 
now  be  in  the  advance  of  civilization  over  the  world  ?  Coal  is  indeed  the  indispensable 
fi)od  of  all  industry.  It  is  a  primary  material,  by  whose  aid  wc  engender  force,  and 
obtain  power  sufiicient  for  any  purpose  that  has  yet  been  imagined. 

Marvellous  indeed  are  the  results  obtained  on  considering  the  uses  of  those  mate- 
nals  which  form  together  the  great  carboniferous  series  of  deposits  as  developed  in  the 
ninth  of  England.  In  a  small  strip  of  country,  in  an  area  of  less  than  six  or  eight 
thousand  square  miles,  which  in  some  parts  of  Europe  would  be  passed  over  almost 
without  remark  by  the  practical  man,  the  politican,  and  the  statistician— we  find 
grouped  together  a  multitude  of  large  towns,  a  population  of  some  millions  of  people, 
having,  perhaps,  more  influence  on  the  comforts  of  civilized  man  throughout  the  world 
than  could  elsewhere  be  found  in  a  space  of  five,  or  even  ten  times  that  amount.  Nor 
is  this  aU.  The  other  great  manufacturing  and  commercial  towns  of  England,  with  the 
eiception  of  the  capital,  are  similarly  placed  ^-ith  reference  to  geological  position. 
The  coal  and  iron  of  the  carboniferous  rocks  form  still  the  magnet  towards  which  the 
other  desirable  things  of  this  world  are  attracted,  and  they  determine  the  growth  and 
▼ell-being  of  towns,  not  only  in  England,  but  elsewhere  on  the  continent  of  Europe, 
and  lately  in  America  also.  In  France,  Belgium,  and  Germany,  we  everywhere  see 
towns  rising  up  into  manufacturing  importance,  where  fuel  and  iron  exist  beneath  the 
soil ;  and  rarely  indeed  has  it  been  found  possible  to  produce  any  great  improvement  in 
these  respects,  except  where  nature  has  pre-ordained  it  by  giving  these  sources  of  true 
liches.  It  is  now  well  known  that,  however  valuable  in  themselves  other  rarer 
natural  products  may  be,  there  is  no  doubt  of  the  enormously  greater  benefit  to  a 
people  in  the  case  of  those  materials  which  either  enter  into  every  manufacture,  and 
are  sources  of  power,  or  which  are  greatly  increased  in  value  by  being  subject  to  many 
processes  to  render  them  more  generally  useful,  without,  at  the  same  time,  causing  them 
to  be  taken  out  of  consumption,  \ 
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Bangers  of  Goal  Mining;.— Goal  in  this  country  is  obtained  at  a  serious  cspense 
and  risk  of  human  life.  It  often  happens  that,  on  taking  up  a  newspaper,  we  see 
notice  that  another  explosion  from  fire-damp  has  taken  place  in  some  coal  mine,  and  that 
ten,  twenty,  fifty,  or  a  hundred  of  the  workmen  have  been  hurried  unprepared  into 
eternity.  Some  we  read — and  these  arc  not  the  gi'catest  sufferers — have  been  destroyed 
at  once,  burnt  to  dcatli  by  the  explosion  itself,  so  that  no  human  power,  no  system 
could,  perhaps,  have  savi'cl  them.  But  a  larger  proportion  have  been  found  at  a  dis- 
tance. Thcj  wore  perform ina;  thnir  task  some  hundred  yards  off;  they  heard  the 
shock  ;  tlioy  f-At  that  they  wrrc;  doomed  men ;  tlu*y  rushed  at  onco  to  the  i)it  bottom, 
but,  cut  off  by  the  want  of  a  direct  communication,  their  only  chance  was  to  reach  the 
main  gallery,  iuid  try  if,  by  any  happy  accddcnt,  they  might  escape.  But  the  moment 
thoy  arrived  at  this  point,  they  found  the  effects  of  the  explosion,  the  fcai-ful  after 
damp  alrojuly  on  its  way  before  thorn.  They  are  stopped  by  this  invisible,  intangible, 
but  fatal  and  impasFCiblu  bamcr.  Some  throw  themsjolvcs  upon  the  ground,  and  creep 
on  for  a  few  yards  in  the  vain  hope  of  eseape.  Some,  in  hopeless  despair,  await  the 
atlvancc  of  destruction.  Such  is  a  simple  history  of  the  whole  event.  One  sing^ 
inspiration  of  the  after  damp  produces  convulsions  in  the  throat,  and  is  the  almost 
,  certain  precursor  of  instant  death,  so  tliat  it  rarely  happens  tliat  any  person  escapes  to 
tell  the  sad  talo.  Is  it  not  a  question,  then,  worthy  of  ctmsidcration  Tvhethrr,  by  any 
method  that  could  bo  adoptcnl,  tlicso  lives  might  be  presei-ved }  For  whom  do  these 
men  suffer  ?  Their  widows  and  orphans,  iheir  mothers,  their  sisters,  and  their  friends 
have  a  right  to  call  upon  every  one  of  us  who  benefit  by  their  labours,  but  take  no 
thought  of  their  dangers  and  sufibrings.  They  labour  for  our  benefit.  "NVc  induce 
them  to  nm  these  risks,  and  arc  boimd  to  weigh  carefully  the  great  social  relations 
which  impose  it  as  a  duty  upon  us  to  imirrovo  their  condition.  Each  event  of  thia 
kind  concerns  us  all,  and  we  are  all,  without  exception,  responsible  in  our  degree ; 
for  if  a  Bufficiont  interest  was  felt  and  expressed  in  this  matter,  it  would  not  be  allowed 
to  go  on  as  it  does  from  accident  to  accident.  That  the  subject  is  obscure  and  difficult, 
is  not  a  sufficient  reason  that  it  should  be  neglected ;  and  because  the  sufferers  are 
patient,  the  place  of  the  accident  far  removed,  and  the  objects  of  it  beyond  the  sphere 
of  our  immediate  exertions — because  few  amongst  us  have  visited  a  coal  mine,  and 
know  nothing  of  the  danger  jKirsonally,  we  are  not  therefore  at  liberty  to  let  the 
matter  take  its  course  without  an  attempt  to  do  good.  Some  pity  should  be  felt  and 
some  Bympathy  also  expressed  for  those  whose  lives  arc  spent,  and  whoso  deaths  may 
be  caused  in  providing  us  with  the  means  of  comfort  and  enjoyment.  Let  tis  thiift 
seriously  how  much  we  owe  to  them — ^the  comfort  of  the  fireside,  that  essential 
requisite  to  home  enjoyment— the  luxuries  that  surround  us— the  facilities  of  travelling 
— the  use  of  and  interest  in  all  machinery  and  manufactures — all  these  wo  owe  to 
the  coal  miner ;  and  then  think  how  little  wo  do  ft)r  liini  in  return.  lie  must  daily 
descend  some  hundred  yards  into  the  bowels  of  the  cartli,  traversing  many  miles  of  low 
subterranean  passages,  perfoi-ming  his  task  in  the  most  inconvenient  posture,  in  an 
atmosphere  always  impure  and  choked  wilh  dust,  if  not  actually  dangerous— lighted 
by  a  small  candle,  or  by  the  yet  fainter  glimmer  penetrating  the  meshes  of  a  wire 
gauze — and  then,  from  time  to  time,  exposed  to  the  chance  of  these  accidents.  lie 
troubles  not  our  repose — the  tale  of  his  distress  hardly  reaches  our  ears — ^he  is  poor- 
he  is  far  away — ho  dies : — ^but  he  is  our  fellow  crcattire  and  our  fellow  countryman. 
Each  one  amongst  us  is  related  to  him  by  many  bonds,  and  it  is  our  duty  to  sec  that 
/  every  practicahh  method  is  adopted  to  improve  his  condition.     And  if  the  dungcrs  liitt 
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sarroimd  him  nnut  still  remain,  in  spito  of  all  our  oxortions-— if  tho  tcrhblo  accidents 
from  -eocplosion  most  sometimes  occur,  still  wo  have  a  dut}'  to  perform,  for  wc  arc 
Ixnmd  to  use  orory  means  to  diminish  thoir  frequency  and  extent,  and  to  toko  away, 
if  potsihlo,  from  their  frightful  results.  This  duty  is  one,  not  only  aii'ecting  the  Icgis- 
Ittnio,  hat  ovcry  individual  amongst  us ;  for  all  may  in  somo  wuy,  cither  directly  or 
indiroctly,  have  influence  with  those  upon  whom  ultimately  the  responsibility  of  so 
great  an  aot  of  public  justice  must  fall. 

XINDiO   IX   STlLiTIllED   HOCKS   JiSD  ALLUVIA. 

Mining  oi>crations  arc  of  two  very  distinct  kinds,  according  as  Ihcy  refer  to  dcpo-  ' 
sited  minerals,  or  to  those  bcgrcgatod  from  various  rocks  into  mineral  veins.  We  have  '■ 
sbeady,  at  some  length,  considered  the  case  of  coal,  which  belongs  to,  and  represents,  i 
the  fisrmer  class ;  but  it  remains  to  givo  some  account  of  other  substances  similarly  - 
drcRimstanced.  By  far  the  most  important  of  these,  in  annual  money  value,  uro  the 
iron  arcs  already  alluded  to.  Xcxt  to  these  are  strcaming;s  for  gold  and  tin,  and  such  [ 
mechaniiool  contrivances  as  are  required  for  obtaining  salt  from  beds  of  rock-salt,  and  ' 
diamonds,  and  amber,  &c.,  from  their  respective  alluvia.  Tho  question  of  gold  is  one  ; 
that  will  need  some  detail.  The  others  are  quickly  disposed  oi^  as  far  as  they  are 
geologically  interesting.  \ 

^old  Mini  fig,— It  is  hardly  possiblo  to  imagine  any  subject  of  general  infoima- 
tion  more  calculated  to  exeitc  attention  than  that  of  a  new  and  abundant  supply  of 
gold,  the  representative — generally  admitted  to  be  the  best— of  all  kinds  of  property,    \ 
flood  the  universal  medium  of  exchange,  wlicrovor  it  is  possible,  in  civilized  countries.       j 

Any.  great  change,  in  value,  in  this  medium— any  change  in  quantity,  by  which    ' 
such  value  may  be  affected— any  new  discovery  of  districts  where  tho  quantity  is  likely 
to  be  Tcry  large  and  very  easily  obtained,  offers  a  lepritiniatc  source  of  interest  and 
ezeitcmcnt,  and  becomes  matter  of  genci-al  conversation. 

But  when  wo  are  told  of  a  country,  now  first  discovered  to  abound  in  gold  to  such 
811  extent  that  a  man  can,  in  a  short  time,  pek  up  and  make  his  own  as  much  as  he 
pleases,  we  may  well  be  astonished,  and  may  fairly  indulge  in  not  a  little  scepticism 
an  the  subject.  Wo  ought,  at  any  rate,  to  look  about  us,  and  learn  what  has  hitherto 
been  the  state  of  the  case,  and  how  far  oiu*  own  interests,  as  possessing  some  of  this 
kind  of  property,  are  likely  to  be  affected. 

Within  the  last  few  years  men's  minds  have  been  almost  unsettled,  and  their  cre- 
dnhty  severely  tried,  by  accounts  first  from  the  West  coast  of  North  America,  and 
afterwards  from  Australia,  of  the  existence  of  deposits  of  gold  so  abundant,  that  a  man, 
vith  a 'spade  and  a  few  of  the  simplest  tools,  can  obtain  largo  quantities  from  the  bed 
of  a  stream.  We  read  in  tho  local  newspapers  that  the  supply  seems  inexhaustible,  or, 
at  least,  that  it  is  only  limited  at  present  by  the  number  of  men  at  work— that  each 
man  may  realize  a  handsome  fortune  in  a  few  weeks— and  that,  as  far  as  appearances  go, 
the  quantity  will  increase  when  what  are  called  the  sources  of  the  supply  are  met  with.. 

Distiibution  of  Gold.— Although  there  is  much  that  is  visionary  and  cxtrava>- 
gant  in  all  this,  still  there  is  also  a  foundation  of  reality.  Of  all  metals,  gold  is,  with 
the  exception  of  iron,  the  most  widely  diffused  over  the  earth ;  but  it  differs  from  iron 
in  being  found  only  in  a  native  state.  It  also  differs  greatly  from  iron  and  most  other 
metals  in  the  modo  of  obtaining  it,  since  almost  the  whole  supply  is  from  alluvial 
sandSy  from  which  it  is  separated  chiefly  by  washing.  Almost  every  country  in  Europe, 
and  indeed  throughout  the  world,  bos  yiddrd  gold  at  one  time  or  o^ilbssi  \  \!ra^.  ca^vdl.  \ 
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succession,  has  after  a  time  become  drained,  and  the  proportion  of  the  precious  metal 
has  been  found  too  small  to  be  worked  with  profit.  England,  Scotland,  Wales,  and 
Ireland ;  France,  Germany,  Spain,  and  Portugal ;  Bohemia,  Hungary,  and  Transyl- 
vania ;  Greece  and  Turkey,  besides  Kussia,  have  all  been  amongst  the  gold-producing 
countries ;  but  the  only  parts  of  Europe  in  which  now  there  is  any  activity,  are  Hun- 
gary and  Transylvania.  In  Asia,  Siberia,  India,  China,  Japan,  and  the  Indian 
Archipelago ;  in  North  America,  almost  all  the  eastern  states  of  the  Union,  and  latterly 
Canada,  besides  California ;  in  Central  America ;  and  in  South  America,  Brazil,  and  the 
whole  country  on  the  east  of  the  great  mountain  chain  of  the  Andes,  and  its  continuation 
as  far  northwards  as  the  termination  of  Mexico — these  aU  have  been  celebrated ;  while 
various  parts  of  Africa,  especially  on  the  western  shores,  abound  in  the  rich  deposit 
Lastly,  but  chiefly,  Australia  has  entered  the  field,  and  bids  fair  to  send,  for  some  time  to 
come,  a  quantity  at  least  equal  to  that  from  any  other  tract  of  the  same  dimensions.  So 
much  have  the  supplies  increased,  that  whereas,  during  the  ten  years  preceding  1860, 
the  average  yield  of  the  whole  gold-producing  countries  could  not  be  estimated  at  more 
than  eighty  thousand  pounds  weight ;  the  annual  supply  from  Australia  and  Oalifonik 
alone  (at  that  time  not  known  to  contain  available  gold)  has  since  been  considerably 
more  than  four  times  this  amount. 

Gold  "washings  are  at  present  carried  on  chiefly  in  Siberia,  California,  and 
Australia ;  the  two  latter  countries  yield  by  far  the  largest  quantity;  but  the  work  in 
the  former  is  more  systematic,  and  far  less  costly,  so  that  poorer  sands  are  exposed  to 
the  various  mechanical  operations.  The  matrix,  or  earth  in  which  the  gold  occurs, 
varies  in  different  countries,  but  is  usually  confined  to  some  one  or  two  distinct  beds 
of  gravel,  often  of  considerable  geological  age  compared  with  the  surftice  soil,  and 
spread  over  a  wide  tract.  The  gold,  originally  contained  in  veinstone  of  some  kind 
(often  quartz),  or  disseminated  through  rocks  in  a  native  state,  has  been  washed  out  of 
these  materials  by  a  long  continued  exposure  and  the  abrasion  of  one  particle  against 
another.  The  gold  being  the  heavier  substance  has  been  left  behind,  when,  from  the 
action  of  water,  the  fragments  of  rock  have  been  washed  away ;  and  thus  it  chiefly 
abounds  in  hollows  or  other  receptacles,  where  it  was  not  exposed  so  much  to  aqueoos 
action,  and  finally  became  buried. 

In  Siberia  there  are  but  few  localities  where  the  gold  washings  are  largely  carried 
on,  and  in  each  of  these  the  metal  is  disseminated  in  a  quartzy  sand,  or  gravel,  c<m- 
taining  much  oxide  of  iron.  It  is  not  confined  to  the  vaUeys,  but  extends  even  to  the 
lull  tops  and  escarped  sides  of  mountains,  proving  that  the  process  of  accumulation  has 
been  a  very  long  one,  and  commenced  when  the  present  mountain  chains  were  ontiiely 
below  the  surface  of  the  water.  In  Brazil,  as  in  Siberia,  where  the  observations  on 
gold  mining  are  more  carefully  made  than  in  California  and  Australia  at  present,  the 
gold  lies  in  a  stratum  of  pebbles  and  gravel  immediately  incumbent  on  the  solid  rock, 
and  the  excavations  of  the  washers  in  this  gravel  are  often  from  fifty  to  one  hxmdied 
feet  wide,  and  eighteen  to  twenty  feet  deep.  The  author  has  seen  larger  and 
deeper  excavations  than  these  in  the  mining  districts  of  Eastern  Virginia,  where  also 
much  geld  has  been  obtained.  The  African  gold  is  entirely  got  from  the  beds  of  riven, 
partly  on  the  gold  coast,  partly  in  Abyssinia,  and  partly  on  the  Mozambique  coast, 
and  the  same  may  be  said  of  Asia  and  the  Asiatic  islands. 

It  is  needless  to  repeat  here  what  has  been  so  frequently  and  prominently  stated 
concerning  the  position  of  the  gold  in  California  and  Australia ;  and,  indeed,  descr^ 
tiona  of  aunferoua  detritus  have  little  value,  as  they  could  hardly  lead  to  the  re- 
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eognitioa  of  similar  material  in  a  new  district,  or  suggest  discoverieg  in  a  oonntry 
vhere  the  existence  of  gold  was  not  previously  known.  We  proceed  to  the  more  prac- 
tical and  useful  considerations  connected  with  the  working  of  such  ores  when  found. 

Meehaiilcal  Pioo«Mk— The  examination  of  rocks  suspected  to  contain  gold  is  a 
TearjT  simple  mattor,  although  the  most  conyenient  mode  of  obtaining  the  precious 
metal  from  the  associated  sand,  mud,  or  grayel,  necessarily  involyes  mechanical  contri- 
TBDces,  and  requires  some  consideration.    When  a  rock  is  supposed  to  bo  auriferous, 
or  when  the  sands  or  other  alluyial  matter  of  a  district  arc  to  bo  examined  for  gold,  tho 
rock  should  first  be  pounded  fine,  and  sifted :— a  certain  quantity  of  the  sand  thus 
obtaijied  must  be  washed  in  a  shallow  iron  pan,  and  as  the  gold  sinks,  the  floatingmud 
sboold  be  allowed  to  pass  off  into  some  receptacle.    Tho  largest  part  of  the  gold  is  thus    I 
kft  in  the  angle,  or  lowest  point  of  the  pan ;  by  a  repetition  of  the  process  a  further    ; 
portion  is  obtained;  and  when  the  bulk  of  sand  is  reduced  to  a  manageable  quantity,    j 
the  gold,  if  in  too  small  a  proportion  to  be  readily  rcmoyed  (or  the  residuum  in  the    i 
litter  case,  after  the  richer  particles  haye  been  carried  away),  is  amalgamated  with    j 
dean  mercury.    The  amalgam  is  next  strained,  to  separate  any  excess  of  mcrctby,  and    ; 
is  finally  heated  and  the  mercury  expelled,  leaving  the  gold.    In  this  way,  by  succcs- 
siye  triads  with  the  rock,  the  proportion  of  gold  is  quite  accurately  ascertained.   Where    i 
the  rock  or  gravel  is  rich,  the  amalgamation  is  unnecessary  in  a  first  trial,  sufficient    | 
being  obtained  at  once  to  give  a  profit  without  any  further  process  than  simple  washing,    j 
Masses  of  quartz,  with  no  external  indication  of  gold,  examined  in  the  above    - 
way,  will  sometimes  yield  at  the  rate  of  about  five  ounces  of  gold  to  a  ton  of  sand    ; 
tfgrayeL 

Waaliiiig.—The  methods  adopted  on  a  large  scale,  to  separate  gold  from  such  allu-    i 
Tial  soils  as  contain  a  sensible  proportion  of  this  valuable  metal,  vary  according  to    | 
local  circumstances  and  the  tools  that  may  be  at  hand.    Washing  on  inclined  tables  is    i 
nmetunes  followed  with  advantage,  as  in  Hungary,  where  a  long  plank  is  employed    ' 
with  a  number  of  transverse  grooves  cut  in  its  surface.     This  plank  is  held  in  an 
inclined  position,  and  the  sand  to  be  washed  put  in  the  first  groove ;  they  then  throw 
vater  on  it,  when  the  gold  mixed  with  some  of  the  sand  collects  usually  towards  the 
lowest  furrow.     This  mixture  is  removed  into  a  flat  wooden  basin,  and  by  a  peculiar 
movement  of  the  hand  the  gold  is  separated  entirely  from  the  sand.     The  stony  ores 
tre  first  pounded  in  a  stamping-mill. 

Amalgamation.— With  the  poorer  ores,  such  as  the  auriferous  sulphurcts, 
whefher  of  copper,  iron,  or  lead,  it  is  usual  to  adopt  the  process  of  amalgamation,  either 
ifter  roasting  or  without  submitting  them  to  that  process.  This  method,  however, 
belonging  strictly  to  metallurgy,  will  not  be  described  in  this  place,  since  at  present 
the  mechanical  processes  of  separating  the  metal  form  the  subject  under  consideration ; 
and  as  in  the  Brazilian  gold  district  the  processes  adopted  include  most  of  the  mechani- 
esl  contrivances  that  have  been  from  time  to  time  introduced,  our  examples  will  be 
chiefly  drawn  from  that  country. 

BiamlHan  BKethods.— Atthe  commencement  of  the  mining*  system  in  the  Brazils, 
the  common  method  of  proceeding  was  to  open  a  square  pit,  till  they  came  to  the 

•  The  word  **  mine,"  in  the  sifnifioation  attached  to  it  hy  the  inhabitants  of  Brazil,  conveys  a 
different  meaning  to  that  which  it  imports  in  Europe.  Whilst  in  the  latter  it  desifmates  a  subter. 
laaeons  excavation,  in  the  former  it  is  simply  applicable  to  the  bed  of  a  river,  the  bottom  of  a  rarine, 
or  some,  place  of  greater  or  less  extent,  where  the  soil  is  composed  of  alluvial  matter,  containing 
metal. 
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casealho;*  this  they  broke  up  with  pickaxos,  and  placing  it  in  a  woodea  'vsessel,  broad 
at  the  top  and  narrow  at  the  bottom,  exposed  it  to  the  action  of  running  water,  ahalriiig 
it  icom  side  to  side,  till  tlie  earth  was  washed  away  and  the  metallic  partidos  had  all 
subsided.  Lumps  of  gold  were  often  found  fiom,  twQ  and  a-half  to  twelye  oimoet  in 
weight,  a  few  which  weighed  twenty-fiye  to  thirty-eight  ounces^  and  one  it  ia  aesertod 
woighod  thirteen  pounds ;  but  these  were  insulated  pieces,  and  the  ground  whose  they 
were  discovered  was  not  rich.  All  the  first  workings  were  in  the  beds  of  rirersj  or  i& 
the  table-land,  or  fiat  alluvial  banks  over  which  the  strcamfi  had  at  one  time  flowed. 

In  1724,  the  method  of  mining  had  undergone  a  considerable  alteration,  intsodoced 
by  some  natives  of  the  northern  country  :  instead  of  opening  the  ground  by  hand^  and 
carrying  the  cascalho  thence  to  tho  water,  the  miners  conducted  water  to  th6  miniB^x 
ground,  and,  washing  away  tho  mould,  broke  up  the  cascalho  in  pits  under  a  fkll  of 
water,  or  exposed  it  to  the  same  action  in  wooden  troughs ;  and  thus  a  great  expenM 
of  human  labour  was  spared. 

Tho  mode  of  working  the  mines  of  Jaragua  is  more  simple,  and  may  be  easilf 
explained.  Suppose  a  loose  gravel-like  stratum  of  rounded  quartzose  pebbles  aod 
adventitious  matter,  incumbent  on  granite,  and  covered  by  earthy  matter  of  variable 
thickness.  Where  water  of  sufficiently  high  level  can  be  commanded,  tho  ground  is 
cut  in  steps,  each  twenty  or  thirty  feet  wide,  two  or  three  broad,  and  about  one  deep. 
Near  the  bottom,  a  trench  is  cut  to  the  depth  of  two  or  three';  feet ;  on  each  step  stand 
six  or  eight  negroes,  who,  as  tho  water  flows  gently  from  above,  keep  tho  earth  con- 
tinually in  motion  with  shovels,  until  the  whole  is  reduced  to  liquid  mud  and  washed 
below.  The  particles  of  gold  contained  in  this  earth  descend  to  the  trench,  wheie,  by 
reason  of  their  specific  gravity,  they  quickly  precipitate.  "Workmen  are*  continually 
employed  at  the  trench  to  remove  the  stones  and  clear  away  the  surface,  which  opera- 
tion is  much  assisted  by  the  current  of  water  which  falls  into  it.  After  a  few  day^ 
washing,  the  precipitation  in  the  trench  is  carrriod  to  some  convenient  stream  to 
undergo  a  second  clearance.  For  this  purpose  wooden  bowls  are  provided,  of  a  funnrf 
shape,  about  two  feet  wide  at  the  mouth,  and  five  or  six  inches  deep.  Each  of  ikB 
workmen  standing  in  tho  stream  takes  into  his  bowl  five  or  six  pounds  weight  of  tiie 
sediment,  which  generally  consists  of  heavy  matter,  such  as  granular  oxido  of  iron, 
P3rrites,  ferruginous  quartz,  and  often  precious  stones.  They  admit  certain  quantitMS 
of  water  into  the  bowls,  which  they  move  about  so  dexterously,  that  tiie  precioos 
metal,  separating  from  the  inferior  and  lighter  substances,  settles  to  the  bottom  and 
sides  of  the  vessel.  They  then  rinse  their  bowls  in  a  larger  vessel  of  clean  water, 
leaving  the  gold  in  it,  and  begin  again.  The  washing  of  each  bowlful  occupies  ftom 
five  to  eight  or  nine  minutes.  Tho  gold  produced  is  extremely  variable  in  quantity  and 
in  tho  size  of  its  particles ;  some  of  which  are  so  minute  that  they  float,  while  othen 
aro  found  as  large  as  peas,  and  not  unfrequently  much  larger.  This  operation  is  super* 
intended  by  overseers,  as  the  result  is  of  considerable  importance.  When  tho  whobis 
finished,  the  gold  is  placed  over  a  slow  fire  to  be  dried. 

It  is  considered  that  tho  tedious  process  of  washing  might  be  much  shortened  by 

*  This  is  the  name  locally  given  to  the  auriferous  detritus.  The  common  cascalho  of  the  country 
is  an  indurated  soil  in  which  gold  is  contained,  and  seems  to  consist  of  the  fragments  of  veins  -wtdA 
have  been  by  somo  means  broken  up,  rolled  about  by  tho  action  of  water  in  agitation,  and  buried  by 
it  among  the  clays  which  have  composed  its  bed.  There  is,  however,  a  diffarenee  between  fto 
auriferoTU  gravel  in  the  mountains  and  that  in  the  rivers  :  the  imbedded  stones  in  19ie  moontBiB 
casealbo  are  rough  and  angular,  but  in  that  of  rivers  they  are  rounded. 
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a  «M»ftlHww  of  Tery  eoMj  conBtruction ;  Btich  aa  a  cylinder,  formed  of  ban  of  iron, 
loBgitBdiiiaUy  placed,  and  nailed  to  circles  of  wood,  open  at  each  end>  and  suspended 
on  two  centres,  one  about  sixteen  inches  higher  than  the  other.  At  the  hi^i^iQst  end 
fta  ore  is  put  in  by  means  of  a  hopper  which  communicates  with  it  The  bars  must 
be  nailed  almoet  close  to  each  other  at  the  upper  ond^  gradually  widening  to  the  lower 
Ottd^  where  they  should  be  almost  half  an  inch  asunder.  The  cylinder  ought  to  be 
finm  ten  to  twdtve  foet  long,  and  a  stream  of  water  conducted  to  fall  upon  it  length- 
-visc;  it  fihonld  bo  enclosed  like  a  drcssing-maohino  in  a  iloiir-miU,  and  bo  subjected 
ts  B  Tsry  quick  motion.  The  portion  of  ore  containing  tho  moat  gold  will  faQ.  through 
near  the  upper  end ;  the  other  parts,  according  to  their  eomparatiyc  finenose,  gradually 
fawamding  until  nothing  but  tho  pebbles  full  out  at  the  lower  end;  tho  earth,  &o., 
Ming  into  partitiomi  or  troughs  below  the  cylinder,  would  be  ready  for  being  separated 
from  the  gold  by  hand,  which  might  bo  dono  with  Tcry  little  trouble.  Machines  of 
this  kind  might  bo  made  on  any  scale,  and  if  generally  known  and  adopted,  would  sayo 
bamiui  labour  to  a  very  great  extent  A  further  improycmcnt  might  bo  made,  too,  in 
this  useful  apparatus ;  for  if  tho  gold  washed  fn^m  the  maeliinc  were  to  fall  upon 
twoghs  placed  in  on  inclined  position,  haying  a  channel  across  about  a  yard  from  the 
upper  ond,  all  the  gold  would  precipitate  into  it ;  and  if  a  man  were  to  be  continually 
onployed  in  agitating  the  water,  the  earthy  matter  would  run  olf,  leaving  only  the 
gold  and  the  ferruginous  particles,  which  might  bo  separated  by  morcury.  Other 
ingenious  and  more  complicated  contriyanccs  are  known,  and  have  been  adopted 
nnoessfully  in  Siberia,  but  arc  not  adapted  to  countries  where  labour  is  costly. 

Tbols* — ^Tho  only  miners'  tools  employed  in  Brazil  up  to  a  recent  period  woro  the 
iron-bar  and  tho  hoe,  but  the  common  miner's  pick  would  in  many  cases  be  scrvioeable; 
and  bucking -irons  *  would  reduce  the  matrix  much  more  effectually  than  beating  it  with 
itonea.  In  many  instances,  hand-sieyes,  if  not  too  costly,  would  be  found  extremely 
tsefol,  and  would  certainly  save  considerable  time  and  labour  in  washing. 

teaalieini. — ^Mills  composed  of  heavy  irregular  stones,  resembling  those  used  in 
Knglnnd-  £or  grinding  flints,  are  useful  in  reducing  many  of  the  ferruginous  masses  and 
mAer  substances  which  contain  gold ;  whilst  stamps  mi^ht  be  employed  where  the 
gold  IB  found  in  hard  and  brittle  substances ;  or  these  would  be  perhaps  as  effectually, 
ftofigh  more  expensively,  pulverised  by  a  heavy  stone  rolling  on  its  edge  and  workod 

bymemf 

CMifomian  Methods.-— The  mining  operations  in  California  arc,  as  may  bo 
mppoeed,  on  a  somewhat  rudo  scale  at  present,  and  there  cannot  bo  a  shadow  of  doubt 
that  large  quantities  of  gold  arc  allowed  to  escape  the  washings.  These,  however,  will  not 
tmvel  far,  and  may  reward,  though  in  a  smaller  degree,  those  who  carry  on  operations 
tfter  the  first  fever  of  gold>sccking  has  passed  away.  A  good  idea  ^rill  bo  formed  of  the 
fiat  proceedings  by  tho  following  extract  from  an  official  accoimt: — "  The  day  was 
istoBflely  hot,  yet  about  200  men  were  at  work  in  the  full  glare  of  the  sun,  washing 
lor  gold — some  with  tin  pans,  somo  with  close-wove  Indian  ba^tkcts ;  but  tho  greater 
part  had  a  rude  machine,  known  as  the  cradle.  This  is  on  rockers,  six  or  eight  feet 
loBg^  open  at  the  foot,  and  at  its  head  has  a  coarse  grato,  or  sieve ;  tho  bottom  is 
nmnded  with  small  elects  nailed  across.    Four  men  arc  required  to  work  this  machine ; 

.  *  Bncking-irons  arc  pieces  of  cast-iron,  M-itli  wooden  handles,  used  at  the  lead-mines  in  Butain, 
to  break  the  ore  from  what  it  adheres  to. 

f  Iron  cylinders  hardened  at  the  surface  by  sudden  cooling  are  used  in  Corn.wft.\\\Tvtst\M9D£A%>^ 
ores,  and  BUffht  be  very  useful  if  availabJo. 
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one  digs  the  ground  in  the  hank  close  hy  the  stream ;  another  carries  it  to  the  cradle, 
and  empties  it  on  the  grate ;  a  third  gives  a  violent  rocking  motion  to  the  miiAliiiifl^ 
while  a  fourth  dashes  in  water  from  the  stream. 

*'  The  sieve  keeps  the  coarse  stones  from  entering  the  cradle,  the  current  of  water 
washes  off  the  earthy  matter,  and  the  gravel  is  gradually  carried  out  at  the  foot  of  the 
machine,  leaving  the  gold  mixed  with  a  heavy  fine  black  sand  above  the  first  cleets. 
The  sand  and  gold  mised  together  are  then  drawn  off  through  auger-holes  into  a  p«n 
below,  arc  dried  in  the  sun,  and  afterwards  separated  by  blowing  off  the  sand,  k 
person  without  a  machine,  after  digging  off  one  or  two  feet  of  the  upper  ground,  near 
the  water  (in  some  cases  they  take  the  top  earth),  throws  into  a  tin  pan  or  wooden 
bowl  a  shovelful  of  loose  dirt  and  stones ;  then  placing  the  basin  an  inch  or  two  under 
water,  continues  to  stir  up  the  dirt  with  his  hand  in  such  a  manner  that  the  running 
water  will  carry  off  the  light  earths,  occasionally  with  his  hand  throwing  out  the 
stonos ;  after  an  operation  of  this  kind  for  twenty  or  thirty  minutes,  a  spoonful  of 
small  black  sand  remains ;  this  is  placed  on  a  handkerchief  or  cloth  and  dried  in  the 
sun,  and  the  loose  sand  being  blown  off,  the  pure  gold  remains." 

The  iron-bar,  the  pick  and  the  shovel,*  are  all  the  tools  that  can  well  be  needed  hy 
the  solitary  miner  to  raise  the  alluvial  soil  that  seems  to  be  so  amply  supplied  with  llie 
precious  metal.  The  chief  operation  requiring  mechanical  ingenuity  is,  therefore,  the 
washing^  or  removing  the  useless  soil,  and  this  may  be  done  either  before  or  after  the 
reduction  of  the  whole  mass  to  powder.  No  doubt,  where  the  gold  is  in  tolerably  large 
lumps,  the  former  is  the  more  productive,  because  less  time  is  wasted ;  but  nearer  the 
mouths  of  the  streams,  and  in  that  material  which  has  already  been  coarsely  sifted, 
there  will  remain  a  largo  quantity  of  very  rich  produce,  that  can  only  bo  obtained  by 
pounding  as  well  as  washing. 

The  following  method  is  adopted  in  Chili  to  reduce  auriferous  detritus  to  a  fit  state 
for  washing : — A  streamlet  of  water  conveyed  to  the  hut  of  the  gold-washer  is  received 
upon  a  largo,  rude  stone,  whose  flat  surface  has  been  hollowed  out  into  a  shallow  basin, 
and  subsequently  into  three  or  four  others  in  succession.  The  auriferous  particles 
are  thus  allowed  to  deposit  themselves  in  these  receptacles,  while  the  lighter  earthy 
atoms,  still  suspended,  are  carried  off  by  the  running  water.  The  gold  thus  collected 
is  mixed  with  a  quantity  of  ferruginous  black  sand  and  stony  matter,  which  requires 
the  process  of  trituration.  This  is  effected  by  a  very  rude  and  simple  grinding  appaiatos, 
consisting  of  two  stones,  the  under  one  being  about  three  feet  in  diameter  and  slightly 
concave.  The  upper  stone  is  a  large  spherical  boulder  of  granite,  about  two  feet  in 
diameter,  having  on  its  upper  part  two  iron  plugs  fixed  opposite  each  other,  to  which 
is  secured,  by  lashings  of  hide,  a  transverse  horizontal  pole  of  wood  about  ten  feet  long. 
Two  men,  seated  on  the  extremities  of  this  lever,  work  it  up  and  down  alternately,  so 
as  to  give  to  the  stone  a  rolling  motion,  sufficient  to  crush  and  grind  the  materials 
placed  beneath  it.  The  washings  thus  ground  are  subjected  to  the  action  of  numing 
water,  upon  inclined  planes  formed  of  skins,  by  which  process  the  silicious  particles 
are  carried  off,  while  a  portion  of  the  ferruginous  matter,  mixed  with  the  heavier  grains 
of  gold,  is  extracted  by  a  loadstone ;  it  is  again  washed  till  nothing  but  pure  gold-diut 
remains.  The  whole  process  is  managed  with  much  dexterity ;  and  if  there  were  mnch 
gold  to  be  separated,  it  would  afford  very  profitable  employment ;  but  generally  the 
small  quantity  collected  is  sufficient  only  to  afford  subsistence  to  a  few  miserable 
families. 

*  The  miner*8  form  of  the  shovel  is  the  best,  coTL«lsdxL^  of  a  ample  pan  of  a  eonieal  fonn. 
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Moie  elabosmto  oootriyanoefl,  moved  by  horao-power  or  by  water,  would  amply  repay 
the  cost  and  labour  of  erection ;  and  the  following  account  of  the  mechanical  con- 
triyanoes  in  use  in  England  and  other  mining  countries  for  the  ores  of  other  metals 
(inch  as  lead,  copper,  and  tin),  will  perhaps  suggest  useful  hints,  even  if  the  methods 
are  not  exactly  copied. 

Staanpfl.— The  instruments  for  preparing  ore  in  most  mining  districts  are  principally 
ikamping-millB,  or  stamps  as  they  arc  called,  crushing-miUs  or  grinders,  and  jigging- 
maehiTiftii.  The  former  are  of  various  dimensions  and  power ;  they  are  usually  driven 
by  water-wheels,  and  are  generally  sufficiently  simple  in  their  construction.  They 
consist  of  sets  of  pestles  working  up  and  down  within  a  box  or  trough  open  behind,  to 
admit  the  ore  which  slips  in  under  the  pestles,  being  carried  along  by  a  stream  of  water 
idling  over  an  inclined  plane.  Each  pestle  is  of  wood,  measuring  about  six  inches  by 
fife  in  the  square,  and  of  convenient  length.  Each  also  carries  a  lifting-bar  secured 
▼ith  a  wooden  wedge  and  iron  bolt,  and  each  terminates  below  in  a  lump  of  cast-iron 
called  the  head,  which  is  fastened  to  it  by  a  tail,  and  weighs  about  two-and-a-half  cwt. 
The  shank  of  the  pestle  is  strengthened  with  iron  hoops.  A  turning  shaft  is  so  arranged 
IS  to  communicate  motion  by  cams  placed  round  its  circumference,  lifting  the  pestics 
in  succession  by  their  lifting-bars,  and  then  allowing  them  to  fall  through  a  space  of 
eight  or  ten  inches.  They  are  arranged  in  such  a  way  in  the  trough,  that  one  falls 
▼hile  the  others  are  uplifted.  There  may  be  four  cams  for  each  pestie,  and  about  seven 
levolutions  of  the  shaft  per  minute,  giving,  therefore,  twenty-eight  stamps  per  minute 
from  each  pestie.  Two  sets  of  three  or  four  pestics  each,  with  tiic  trough  in  which  they 
▼ork,  is  called  a  battery^  and  a  battery  of  six  pestles  will  pound  about  sixty  cubic  feet  of 
the  ordinary  tin  stuff  of  Cornwall  (weighing  perhaps  four  or  five  tons)  in  twelve  hours. 

In  front  of  the  troughs  there  are  openings  fitted  with  an  iron  frame,  the  openings 
ineasuring  about  eight  inches  square.  This  frame  is  closed  with  sheet-iron,  bored  coni- 
cafly  with  a  large  number  of  holes  in  the  square  inch,  the  narrow  side  of  the  hole  being 
towards  the  inside.  The  ore  passing  out  by  these  holes  is  received  into  basins,  where 
it  is  separated  by  water  into  several  kinds  of  mud  afterwards  sifted. 

The  Craahlng-mlll,  or  grinder,  consists  of  one  or  more  pairs  of  iron  rollers 
^aced  a  very  short  distance  apart,  and  kept  in  motion  either  by  the  direct  action  of  a 
▼ater- wheel,  or  steam-engine,  or  by  cog-wheels  attached  to  it.  Immediately  above 
the  rollers  is  a  hopper,  into  which  the  lumps  to  be  crushed  are  thrown,  when,  falling 
through  between  the  rollers,  they  are  completely  broken  into  small  fragments.  In 
some  crushing-mills  there  are  two  or  three  pairs  of  rollers,  those  below  being  placed 
"very  near  together,  so  as  to  reduce  the  stuff  falling  from  above  still  finer ;  and  by  an 
ingenious  application  of  sieves  kept  in  motion  by  the  machine,  the  stuff  can  bo  sorted 
hito  two  or  three  different  sizes.  Although,  by  passing  through  the  crushing-mill,  the 
material  has  been  reduced  to  very  small  fragments,  it  is  not  all  sorted ;  but  in  the  next 
jffocess,  by  the  jigging-machinc,  or  "break-sieve,"  this  is  done  to  a  considerable 
extent. 

The  Jigging-machine  consists  of  a  wooden  frame,  open  at  the  top,  and  pro- 
vided with  a  strong  screen,  or  iron  grating,  at  the  bottom  :  it  hangs  over  a  cistern  of 
water,  being  suspended  to  a  long  lever,  the  motion  of  which  alternately  plunges  it  into 
the  water,  and  raises  it  out  with  a  peculiar  jerk  each  time.  The  ores  being  placed  in 
the  sieve,  and  subjected  for  a  short  time  to  this  operation,  the  heavy  metallic  pieces 
settie  at  the  bottom,  while  the  lighter  fragments  of  spar  and  veinstone  are  thrown  to 
the  top,  and  every  now  and  then  dextrously  skimmed  off  wilTi  a.  "^ie^i^  oi  "Vi^^x^Vj 
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a  man  who  standB  by.  In  the  operation  of  jigging,  a  yery  important  sepfnation  is 
e£fected,  as  three  products  are  obtained  by  it :  the  small  rich  particles  whidi  pass  through 
the  sieve  into  the  ciBtem  below,  and  are  removed  ocoasionally  as  may  be  necessary ; 
the  larger  rich  fragments  which  occupy  the  bottom  of  the  cistern ;  and  the  pooi:  earthy 
matter  which  forms  a  layer  at  the  top.  This  last  product,  although  poor,  still  coptaiDS 
too  much  metal  to  be  lost :  it  consists  of  small  fragments  of  rock  or  veinstone,  many  of 
which  have  particles  of  metal,  either  attached  to  them  or  intormij^ed  with  them,  and  ta 
any  eye  but  that  of  the  miner's  these  would  appear  quite  worthless^  no  less  from  the 
small  quantity  of  the  ore  than  the  manifest  difficulty  of  separating  it  from  such  a  mass 
of  stony  matter. 

To  extract  the  ore  from  this  refuse-matter,  several  processes  are  used^  which  are 
chiefly  grinding  between  rollers  placed  very  close  to  each  other,  stamping  to  a  fine 
powder  by  the  stamping-mill,  and,  finally,  washing  upon  an  inoUned  plane.  In  this 
operation,  the  fine  metallic  mud,  or  ^^  slime,''  being  carefully  spread  over  the  inclined 
plane  at  the  upper  end,  a  gentle  stream  of  water  is  allowed  to  flow  over  it,  which 
washes  the  light  earthy  particles  towards  the  bottom,  leaving  the  heavier  metallie  ones 
in  a  very  pure  state  towards  the  top.  Aa  in  this  process,  and  indeed  all  other  opera- 
tions of  dressing  in  which  a  stream  of  water  is  employed,  many  of  the  smaUeet  and 
most  minute  particles  of  the  ore  are  carried  away,  the  waste  of  which,  in  an  extensive 
mine,  would  be  considerable,  it  is  arranged  that  all  such  water  shall  pass  into  successive 
reservoirs,  termed  *'  slime-pits,"  in  which  the  metallie  partides  fall  to  the  bottcnn,  and 
are  from  time  to  time  collected  and  subjected  to  such  treatment  as  to  obtain  them  in  a 
tolerably  pure  state. 

Bezdan'a  Machine— In  addition  to  these  contrivances,  many  have  been  sag* 
gested  from  time  to  time,  and  tried  with  varioua  success.  As  one  of  the  newest,  which, 
from  its  simplicity  and  efficiency,  has  attracted  much  attention  in  this  country,  and  has 
certainly  proved  very  successful,  we  may  refer  to  Berdan's'  machine. 

This  machine  consists  of  a  cast-iron  pan,  or  basin,  fitted  with  an  axis,  and  made  to  ] 
rcvolvo  in  an  inclined  or  tUted  position.    Two  east-iron  balls,  or  shells,  one  neady  j 
fitting  the  basin,  and  the  other  much  smaller,  are  placed  within  it.    Near  the  rim  of 
the  basin,  are  a  number  of  delivery  holes,  or  spouts,  provided  with  wire  gauze,  whioh 
can  bo  so  ocmtrived  as  to  secure  any  required  degree  of  pulverisation.    Beneath  th« 
basin,  and  revolving  with  it,  can  be  placed  a  small  furnace. 

The  operation  of  the  machine  is  simple.  Being  erected  in  a  convenient  place,  in 
nests  of  one,  two,  or  more  basins,  and  steam  or  water  power  provided,  together  with  a 
supply  of  water  for  washing,  a  quantity  of  mercury  is  put  in  each  basin,  and  the  basins 
are  made  to  revolve. 

The  baUs  being  at  first  oarried  up  a  short  distance  by  friction,  immediately  roQ 
down  towards  the  lowest  point,  and  are  thus  made  to  revoJve  in  a  direction  opposite 
that  of  the  basin  itself.  The  mineral  is  then  introduced  on  the  off-side  of  the  larger 
ball,  in  sizes  not  larger  than  a  hazel-nut,  and  care  must  bo  taken  that  the  quantity 
Hhould  not  only  bo  regulated  by  the  work  the  machine  is  able  to  get  through,  bat  be 
supplied,  with  groat  regularity,  by  a  hopper  and  feeding  apparatus.  The  water  being 
admitted  to  flow  continually,  the  oxoess  runs  off  by  the  spout  holes,  carrying  with  it, 
OS  mud,  tho  whole  of  the  earthy  matter  and  the  ore  that  does  not  amalgamate,  as  fast 
as  it  is  reduced  to  a  sufficiently  fine  powder  by  the  action  of  the  other  parts  of  the 
balls.  When  required,  the  mercury,  with  the  gold  in  a  pasty  state,  or  in  s<dutioa, 
can  be  drawn  off  by  removing  a  plug. 
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A  oontxtTance  £>r  oollectixig  any  maroury  tliat  may  escape  from  the  spouta  ia  sup- 
plied with  tbe  machiney  and  haa  heea  found  to  succeed  well  in  prercnting  ultimate  loss. 
This  HpaatnioT^  aa  it  ia  called,  would  alao  collect  any  stray  particles  of  gold  that  might 
escape  from  the  basin,  and  amalgamate  them. 

It  will  be  evident  from  this  descri^^^tion,  that  the  processes  of  pulverising,  amalgamat- 
ing^ and  washing,  take  place  simultaneously  at  the  lowest  point  of  the  basin,  in  close 
eontaet  with  the  mercury ;  and  that  the  mercury,  instead  of  being  spread  over  a  largo 
suiiiMe,  and  subjeet  to  be  broken  into  globules,  ia  kept  together  nearly  in  one  spot. 
Henoe  aiiaea  a  great  economy  of  mercury,  and  much  of  the  peculiar  accuracy  of  the 
in«<»Kiitft  may  probably  be  traced  to  the  same  cause. 

These  Tnaohines  are  made  of  varioua  sizes.  They  seem  especially  adapted  to  the 
moderately  mh  ores,  yielding  from  two  or  three,  to  fifteen  or  twenty  ounces  to  the  ton, 
of  which,  aa  may  be  supposed,  the  quantity  is  not  very  large. 

On  the  other  hand,  some  of  the  Siberian  contrivances,  though  extremely  efficacious 
as  washing  machines  (not  amalgamating),  operating  on  as  much  as  two  himdred  tons  in. 
a  day,  with  the  labour  of  ei§^t  horses,  twenty  men,  and  six  boys,  are  better  adapted  for 
extremdy  poor  aands,  of  whidi  there  is  an  indefinite  quantity  obtainable  at  a  very  small 
oq^ense  for  ecrtage  and  the  removal  of  rubbish,  and  which  can  be  worked  where  labour 
isiBezpenacre. 

Tin  StiMMaing. — ^The  operation  of  streaming  far  tin  ia  extremely  like  that 
required  finr  gold  in  aurifsrous  districts ;  but  the  resultant  material  being  less  valnable, 
a  larger  per  eentage  of  ore  is  necessary. 

In  our  own  country,  the  stanniferous  gravels  of  Cornwall  are  not  usually  upon  the 
turfaee^  but  are  either  covered  with  other  gravel,  or  with  clay,  sand,  or  peat,  which 
nquire  to  be  removed  before  the  fiindamental  rock  is  reached  on  which  the  tin-stones 
rest.  The  gravel,  when  collected,  is  thrown  upon  an  inclined  plane,  upon  which  a  fall 
of  water  is  conducted,  and  then  bemg  worked  about,  the  tin-tones,  if  of  sufBxiient 
volume,  and  provided  the  force  of  the  water  is  not  too  great,  remain  upon  the  inclined 
|kne^  while  the  lighter  stones  and  earth  are  washed  away. 

It  ia  frran  thia  method  of  separating  the  ore  that  auch  works  have  been  called 
ttream-works.  They  are  of  comparatively  small  importance  in  reference  to  the  general 
supply,  but  still  afiPord  employment  to  a  number  of  tiie  poorer  miners. 

Diamond  Washing. — Diamonds  are  obtained  in  India,  and  elsewhere,  by  opera- 
tions which  sufficiently  resemble  mining  to  justify  a  descriptian  in  thia  place.  They 
ooenr  in  gravel  geoeraUy,  near  the  banks  of  streams,  or  in  mud-banks,  sometimes 
of  great  extent,  in  the  district  whence  they  have  been  generally  obtained.  In  addition 
to  India,  South  America  has  yielded  a  nimiber  of  these  gems,  of  large  size  and  great 
value.  They  have  also  been  found  in  Siberia,  and  lately  in  Australia,  and  appear  to  be 
pesent  very  generally  where  gold  alluvia  exist. 

The  process  of  exploring  is  exceedingly  simple,  and  the  only  tool  employed  is  a 
duup  pickaxe.  "With  this  tool  the  men  dig  into  every  promising  8i>ot,  and  deposit  on 
the  banks  of  the  river  all  the  mud  and  sand  they  get  up.  There  it  is  looked  over  by 
the  w<mien  and  children  of  the  tribes,  who,  for  this  purpose,  take  a  plank,  five  feet  in 
length  by  twp  in  width,  hollowed  out  in  the  middle,  and  foraiahed  with  a  rim  on  each 
Bide,  three  inches  in  height.  They  place  this  plank  in  a  position  a  little  inclined  (just 
enougih  to  allow  water  to  run  oflT),  heap  upon  it  the  mud  and  sand  dug  from  the  river, 
and  p-A"t!"*M*  for  some  time  to  pour  water  upon  it.  As  soon  as  the  water  runs  away 
perfectly  clear,  they  anxiously  look  over  the  hard  stony  matter  which  is  left  upon     I 
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ihfi  plank,  and  pick  out  all  the  loose  pebbles  and  larger  pieces  of  grayel ;  these  they 
throw  tLwajf  and  the  remaining  mass,  consiBting  of  smaller  grains,  they  remove  to 
Another  plank  of  the  same  form  as  the  first,  but  smaller,  and  carefully  spread  it  over 
the  lurfaco,  lo  that  every  particle  can  be  separately  examined ;  this  they  do  one  grain 
at  a  time,  throwing  away  all  that  is  merely  stone  or  gravel,  and  laying  aside  every 
particle  of  gold  or  crystal  of  diamond.  They  usually  contrive  to  place  the  board  so 
that  the  sun  shall  shine  upon  it,  at  a  certain  angle,  during  this  operation,  by  which  every 
particle  nhall  bo  woU  illumined.  The  earth  chiefly  sought  after,  and  most  accurately 
examined,  is  a  rod  ochry  clay,  containing  a  small  proportion  of  oxide  of  iron ;  in  this 
the  diamond  is  most  commonly  found,  though,  as  it  is  sometimes  met  with  in.  the  loose 
mud,  the  whole  is  well  washed  and  examined. 

Ivon  Ovei, — In  a  previous  paragraph  (see  page  235)  reference  has  been  made  to 
the  ironstones  of  tlio  coal  measures  while  speaking  of  the  minerals  associated  with  coal. 
The  monufnoture  of  iron,  and  the  abundance  of  iron  ores  in  England,  besides  the 
peculiar  bearing  of  this  subject  on  general  mining,  form  a  combination  of  circumstances 
too  iraportjint  to  bo  loft  without  fiurthcr  reference.  We  propose,  therefore,  to  give  an 
ftcooimt  of  iron  ores,  more  especially  those  which  are  found  in  our  own  country,  as  a 
fit  turmination  to  the  present  notice  of  mining  in  stratified  rocks.  We  shall  avail 
oursolvoa  of  on  admirable  account  of  English  iron  ores  sent  to  the  Great  Exhibition  of 
1861,  by  Mr.  S.  H.  Blackwell  of  Dudley,  and  described  by  him  in  the  catalogue.* 

Wales. — From  the  area  of  thq  mineral  field  in  South  Wales,  and  the  great  variety 
in  ohoraotor,  both  of  its  bods  of  coal  and  its  measures  of  ironstone  and  blackband,  it  will, 
in  all  probability,  long  rt>main  the  most  important  iron-making  district  in  the  world. 

The  n\uubor  of  Aimaees  now  in  blast  is  143,  averaging  about  100  tons  of  iron  each 
per  wtnOc,  or  a  grtwa  onmial  production  of  700,000  tons,  and  requiring  2,000,000  tons 
of  irtuwtonts  prinoiindly  i\imished  from  this  coal  field.  In  North  Wales  the  production 
is  vt>ry  limited. 

Shvoi^«hiv«,— Annual  production  of  iron  about  90,000  tons.  This  field  was  one 
of  tho  first  iu))H)rtaut  ii\m-making  districts  of  the  kingdom;  but  from  its  limited 
cxtfut,  the  pixHluotion  of  irv^i  in  it  has  remained,  for  a  considerable  period,  nearly 
atativmaiy.    The  quality  which  it  produces  is  very  good. 

South  StaffMdshixe.— The  Oubbin   and  White  Ironstones  are  the  principal 

*  $<k  <»xWn«iv«'  Mr«  th»  iron$ton»  beii«  of  the  coal  measures,  that  thej  ftxmish  in  themsdves  the 
|rr««ter  (VAtt  t>f  the  iron  porvauc^  ia  Ur^at  Britain ;  hut  the  reader  should  he  aware  that  the  inm- 
ittakUiif  k-^MMUixiM  of  the  kingdom  are  br  no  meatt$  confined  to  th«aii.  The  carbonifermas  or  moaB- 
tatn  Uu)i<Mtv>n<(«  ivt^Ciaictt»hirr«  i^xuxberlond,  Durham,  the  Forest  of  Dean,  Derbyshire,  Somersetshire, 
Mivl  ^Hkth  \Vale«»  all  (Vtrni^  important  bed^and  vein«  of  hsematite ;  these  of  Ulrerston,  THutdiaTen, 
anvl  the  V\weert  of  De«n  are  the  mo*t  extensirvlr  workevl,  and  seem  to  be  ahnost  exhanstless.  TbB 
Virv>Nn  h<^mavite(»  and  whtte  vtiuKxnate<s  of  Alston  Moor  and  W'eardole  also  exist  in  soch  large  masECS 
that  thev  mu»t  ultimatel^Y  bevAMue  o4'  ^nrat  uuportance.  In  the  oId»  rocibs  of  Derun  and  CominU 
Mv  ^MMd  mauY  im^vruut  win»  vxf  bUck  luemauce^  and  in  the  gnronite  of  Durtmoor,  numerous  tous 
of  mojsnetiv'  oxide  and  *t^v*ular  irvHX  ore*  The  new  red  sandstone  fttmishes,  in  its  lowest  measure, 
b«^  of  h>ie«uati^.v  vvn^<lomerate.  In  the  tia$  and  oolites  are  important  beds  of  or^illaeeoas  iron- 
$4otte«k  now  bevottun^  extetk«ively  wvvrkeii:  and  the  irv>a  o<«»  of  the  <reeo»aad  of  Sussex,  once  tbe 
(Mat  of  a  vvtteKderabiLie  Hoanafewture  of  iro«i»  inajr  o^oin  beeome  ataiJLahtie,  br  mei&s:»  of  the  farilitifs  of 
ruilwt^y  vVttonjtutuvN&cioiu 

the  i»«vdave  of  the  »«aui"Uv't*JLrv'  of  iron  in  t.Vceat  ^itaia>  in  1^50^  w«  only  aboct  30,eC0  tons ;  in  | 
\:^V^  it  had  invHrvtfcwd  to  lSi^v^\>0  Cv.>n;» ;  iu  L>^X  to  oCO«0iH>  ton^  In  the  following  yeur  the  duties  upon  | 
tt»  itt;ivduvuott  of  iSMr«n«n  iron  w\*re  ei'.hec  reino^nfd  or  reodervd  soauB&I*  suMe  whkih  the  prodae-  | 
ti»>«i  oi  irvn. ))»»  »Murly  v(«Ma)tuv<<^  t>«tts^  «ow  abottt  :i,ido^(HM  %.<n3^ 
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ironstoneB  of  the  Dudley  district.  The  former  will  ayerage  about  1,500  tons  per  acre ; 
the  latter  varies  much  both  in  quantity  and  richness,  but  yields  about  the  same  average. 

In  the  Wolverhampton  districts  there  are  six  bands  of  ironstone,  all  of  extremely 
good  quality,  averaging  from  30  to  35  per  cent.  From  the  low  cost  at  which  they  are 
generally  raised,  the  number  and  variety  of  the  measures  both  of  eoal  and  ironstone 
contained  in  so  small  a  space  of  ground,  and  the  superior  quality  of  the  iron  produced, 
this  part  of  the  South  Staffordshire  coal  field  may  bo  considered  as  one  of  the  most 
important,  in  proportion  to  its  area,  of  any  of  our  iron-making  districts.  It  is  indeed 
considered  to  be  the  second  most  important  iron-making  district  in  the  kingdom,  for 
although  the  production  of  pig-iron  in  Scotland  is  equal  to  that  of  this  district,  yet  it 
&r  surpasses  Scotland  in  the  manufacture  of  wrought-iron ;  whilst  the  superior  quality 
produced  also  gives  it  pre-eminence  over  that  of  Wales.  The  annual  production  of 
iroii  18  nearly  600,000  tons. 

n ovtli  StafEMrdflhixSy  although  not  of  great  importance  directly,  as  an  iron- 
making  district,  its  annual  produce  being  only  about  55,000  tons,  is  remarkable  from 
the  amazing  extent  of  ironstone  which  it  contains,  and  the  large  quantities  sent  thence 
to  the  South  Staffordshire,  and  the  North  Welsh  iron  districts.  No  other  known  coal 
field  contains  anything  like  an  equal  number  and  extent  of  ironstone  measures.  From 
the  Bassey  Mine  to  the  Knowles  Mine,  a  series  of  measures  at  the  Foley  Colliery, 
Longton,  of  only  250  yards  in  thickness,  there  are  nine  distinct  workable  measures  of 
ironstone.  At  Apedale,  the  Blackband,  Red-shag,  Bassey  Mine,  and  Bed  Mine,  iron- 
stones are  respectively  4,  6,  7,  and  9  feet  thick.  In  consequence  of  so  large  a 
proportion  of  the  cheapest  worked  ironstone  measures  being  Blackband  or  carbonaceous 
aad  also  from  the  inferior  quality  of  its  coals,  the  iron  of  this  district  is  inferior. 

Torkahixe  and  Dexbyabiiw- — In  the  northern  district  the  annual  production  of 
inm  is  about  25,000  tons,  and  the  quality  of  iron  very  superior.  The  Low  Moor  and 
Bowling  marks  are  especially  celebrated.  The  beds  of  coal  in  this  district  are  exceedingly 
thin ;  and  only  one  is  used  for  iron-making  purposes.  The  production  of  the  southern 
district  is  about  20,000  tons.  In  Derbyshire  many  of  the  beds  of  ironstone  lie  in  such 
a  thickness  of  measure  as  only  to  be  workable  to  advantage  by  open  work  or  bell-pits. 
Where  these  means  of  working  can  be  adopted,  the  produce  per  acre  is  oftentimes  very 
large;  in  the  Honeycroft  Bake  it  is  6,000  tons  per  acre;  in  the  Black  Shale  8,000  tons. 

Noxthumbexlaiid,  Oumbexland,  and  Bnrluun* — ^The  annual  production  of 
iron  is  about  90,000  tons.  The  iron  works  of  this  district  are  gradually  increasing  in 
importance,  the  cost  of  fuel  being  so  low  as  to  permit  ores  to  be  brought  from  many 
diffisrent  localities.  The  black  bands  of  Scotland,  and  of  Haydon  Bridge,  the  brown 
hmnatitea,  and  white  carbonates  of  Alston  and  Weardale,  and  the  argillaceous  iron- 
stones of  the  lias  of  Whitby  and  Middlesborough,  are  all  used  for  the  supply  of  the 
iron  works  of  this  district.     | 

The  hmwn  hamatitM  deserve  especial  attention.  They  are  found  associated  in  very 
laige  masses,  with  the  lead  veins  of  this  district,  and  occasionally  they  occur  as  distinct 
and  regular  beds.  They  contain  from  20  to  40  per  cent,  of  iron.  Sometimes  they 
erist  as  "  riders  "  to  the  vein,  sometimes  they  form  its  entire  mass,  and  in  this  case 
they  occasionally  attain  a  thickness  of  20,  30,  and  even  50  yards.  Their  employment 
for  iron-making  purposes  is  only  recent ;  but  the  supply  of  ore  which  they  can  furnish 
is  almost  unlimited ;  and  when  some  better  means  of  separating  the  zinc  and  lead 
associated  with  them  may  have  been  discovered,  they  will,  doubtless,  be  found  to  be  of 
great  importance. 
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Irfuicashize  and  West  Gmnbesland*— The  production  of  iron  in  this  district 
is  very  limited  ;  but  the  quality,  charcoal  being  used  for  fuel,  is  very  superior,  and  the 
produce  combines,  with  the  fluidity  of  cast-iron,  a  certain  malleability,  especially  after 
careful  annealing.  The  ore,  both  of  the  Whitehaven  and  the  XJlverstone  and  Fumess 
districts,  is  raised  most  extensirely  for  shipment  to  the  iron  works  of  Y(nrkBhire,  Staf- 
fordshire, and  North  and  South  Wales.  In  quality  these  ores  may  be  considered  as  the 
finest  in  this  kingdom,  and  the  supplies  which  these  districts  are  calculated  to  produce 
are  very  great.  The  large  per  centage  of  iron  which  they  contain  (from  sixty  to  saty- 
Ave  per  cent.)  and  their  superior  quality,  also  enable  them  to  bear  the  cost  of  transport, 
and  they  are  becoming  every  day  of  greater  importance.  They  are  found,  both  as  veing 
traversing  the  beds  of  the  mountain  limestone  formation,  transversely  to  the  lines  of 
stratification,  and  also  as  beds  more  or  less  regular.  The  former  is  the  general  character 
of  the  XJlverstone  and  Fumess  ores,  no  clearly  defined  bed  being,  as  yet,  known  in  that 
district,  whilst  atWhitehaven  there  are  two,  if  not  more  beds,  of  irregular  thickness,  but 
with  clearly  defined  floors  and  roo&,  and  oftentimes  sub-divided  themselves  by  regular 
partings.  These  beds  attain  a  considerable  thickness,  occasionally  twenty  or  thirty 
feet.  The  area  over  which  they  extend  is  not  as  yet  well-known;  but  they  have  been 
worked  extensively  for  many  years,  and  the  workings  upon  them  are  rapidly  increasing. 
They  lie  beneath  and  close  to  the  coal  measures,  wluch  both  furnish  the  necessary 
fuel  and  also  important  beds  of  argillaceous  ironstones  for  admixture. 

Forest  of  Deaji. — The  annual  production  is  about  thirty  thousand  tons.  The 
ores  are  carboniferous,  lying  beneath  the  coal  measured ;  but  there  is  also  a  bed 
worked  locally  in  the  miUstone  grit.  The  limestone  ore  occupies  a  regular  position  in 
the  measures— assuming  rather  the  character  of  a  series  of  chambers  than  a  regular  bed. 
These  chambers  are  sometimes  of  great  extent,  and  contain  many  thousand  tons  of  ore, 
which  is  generally  very  cheaply  raised ;  no  timbering  or  other  support  for  the  roof 
being  required.  The  supply  of  ore  is  almost  imlimited,  and  the  iron  made  from  it  is 
celebrated  for  the  manufacture  of  the  best  tin  plate,  and  always  bears  a  high  price.  It 
is  raised  extensively  for  shipment  to  the  iron  works  of  South  Wales.  It  was  wmkad 
at  a  very  ancient  date,  either  by  the  Romans  or  the  Britons,  as  is  evident  frY>m  flu 
remains  of  old  workings  along  the  outcrop  of  the  ore  bed.  This  ore  averages  from 
30  to  40  per  cent. 

Misccllaneoiu  Reionxces. — ^Pisolitic  iron  ores  have  been  found  in  the  old  rocbi 
and  have,  at  different  periods,  been  worked  to  a  considerable  extent,  for  transport  to 
South  Wales.  They  are  of  inferior  quality ;  but  the  large  masses  in  which  they  lie 
enable  them  to  be  raised  at  a  very  trifling  expense.  They  are  found  at  Trenuidoo, 
Pwllheli,  Caernarvon,  Island  of  Anglesea,  and  many  other  localities  round  the  Noitii 
Welsh  Coast,  and  will  doubtless,  at  some  period,  prove  of  importance,  from  the  greit 
extent  to  which  they  are  there  developed.  i 

Hsematitic  conglomerates  are  found  at  the  base  of  l&e  new  red  sandstone^  and 
generally  occupy  the  position  of  its  lowest  bed.  Their  character,  as  working  orei^  if 
very  variable,  being  sometimes  mixed  up  with  so  much  extraneous  material  as  almoit 
to  be  worthless ;  but  occasionally  they  exist  in  regular  beds,  and  contain  so  large  * 
proportion  of  Heematite  as  to  become  of  considerable  importance. 

The  day  ironstones  of  the  lias  are  only  just  beginning  to  add  to  our  iron-making 
resources.  They  furnish  an  instance  of  the  unexpected  development  of  national  w«attb, 
arising  from  the  fSeunlities  afforded  by  railroads.  Some  of  these  are  raised  along  tiie 
outcrop  of  the  beds  along  the  coast  from  Whitby  to  Scarborough.    The  ooet  of  raising 
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is  trifling.  Others  are  from  a  bed  at  Middlesborough,  whose  thickness  is  very  irregular, 
someiiniM  ammmting  to  tvelro  or  fourteen  feet,  but  ayeraging  about  six  feet. 

The  Northamptonshuv  oolites  also  yield  rorj  large  quantities  of  an  ore  of  moderate 
riohnese,  besides  a  considerable  amount  extremely  rich.  All  these  are  at  present  con- 
reyed  by  rail  to  the  places  where  fiiel  is  cheap,  and  they  are  not  likely  to  be  ayailable 
in  any  other  way. 

OlyAtt  ]MsMot«— From  the  valley  of  the  Clyde  are  obtained  supplies  of  ironstone, 
of  great  Tahie — ^more  especially  the  blaek  hands,  first  discovered  and  woriced  in  this 
district  to  great  profit.  These  rich  beds  alternate  with  the  coal  seams ;  and  from  the 
teoiaricBble  fkdlities  offered  by  the  mode  of  their  occurrence,  and  the  peculiar  mode 
acbpted  in  reducing  them,  an  iron  is  obtained  at  an  unusually  low  rate. 

ThA  TrMttment  of  Cms  varies  according  to  the  nature  of  the  ore ;  but  may 
be  generally  explained  in  a  few  words.  Those  ores  which  consist  chiefly  of  carbonate 
of  iron  require  roasting,  either  in  open  heaps  or  in  furnaces^  in  order  to  expel  water, 
sulphur,  and  oarbonio  acid,  and  render  them  more  porous ;  but  the  oxides  are  more 
earily  managed,  and  it  is  usual  in  England  to  make  an  admixture  of  such  ores  as  will 
help  each  other  in  frising.  When  prepared  and  mixed,  the  ores  arc  put  into  the  frimaoe 
with  ooke  or  oool,  and  with  such  mineral  snbstancos  as  will  combine  with  the  earthy 
impurities  of  the  ore,  whatever  they  may  be,  and  servo  as  a  flux.  Limestone  is  a 
eommon  fltiz  when  the  ore  contains  alumina  and  silica,  as  do  the  clay  ironstones  of 
tiie  coal  meaaores ;  but  when  the  ore  is  chiefly  calcareous,  already  including  much  car- 
bonate of  lime,  silica  and  alumina  are  needed ;  and  thus  it  becomes  advantageous  to 
■iz  ailieioaB  with  calcareous  ores,  in  such  proportions  as  to  avoid  the  necessity  of 
fioz. 

Salt  Woidui.— There  are  many  other  substances  to  which  the  general  principles 
of  mining  for  coal  may  be  applied,  and  which,  therefore,  belong  to  this  part  of  our 
fohject.  It  is,  however,  unnecessary  to  detain  the  reader  with  them,  as  they  involve 
no  new  methods.  Of  these,  salt  is  perhaps  the  most  important  mineral ;  but  the  usual 
mode  of  obtaining  it  from  the  new  red  sandstone  of  Cheshire,  where  it  is  very 
abandant,  is  in  most  respects  similar  to  the  ordinary  colliery  methods  of  South  Staf- 
iindshire.  There  is  no  danger  in  these  cases  of  explosive  gases ;  but  carbonic  acid 
gis  is  not  unknown. 

GEOLOGY  OF  MINING  IN  MINEKAX  VEINS. 

MinMml  ▼•Ins.— The  difference  is  so  great  between  removing  portions  of  a 
dqwsited  roak,  as  in  coal-mining,  and  laying  out  or  carrying  on  those  operations  by 
which  the  common  ores  of  copper,  lead,  &c.,  are  obtained  from  mineral  veins  as  to 
xaqnire  a  aepaxate  eonsideration  of  this  latter  subject,  and  a  reference  to  those  points 
whidi  are  ewential  for  success. 

A  mineral  vein  has  more  resemblance  to  the  dykes  and  faults  spoken  of  in  coal 
amingy  and  already  described,  as  fru*  as  they  affect  stratified  deposits,  than  it  has  to  the 
dspoaita  themselves,  of  whatever  nature  l^ey  be.'  It  may  be  explained  as  a  crevice 
more  or  less  vertical,  caused  by  the  contraction  during  drying  or  metamorphosis,  or  by 
the  mefihaniral  disturbance  of  a  rock,  this  crevice  having  been  subsequently  filled  up. 
It  may  or  may  not  be  connected  with  upheaval ;  it  may  be  wide  cr  narrow,  regular 
OP  frvegubar,  Iknited  in  extent,  or  ranging  very  widely;  and  it  may  either  be  easily 
reeogmaable  or  extremely  obsoure.  It  is  usually  occupied  with  crystalline  minerals  of 
kind,  whence  its  name;  but  these  are  only  occasionally  metaIIifei:o\i&^  «si^  ^^  ^s^ 
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not  always  oyen  when  metalliferous  minerals  occur  that  they  are  sufficiently  abmi- 
dant,  accessible  enough  in  a  convenient  chemical  condition,  or  so  intrinsically  valuable  as 
to  be  worth  extracting.  Nor  are  the  contents  of  veins  always  crystalline,  though 
it  seldom  happens  that  there  is  a  total  absence  of  metamorphic  action. 

So  varied  are  the  appearances  put  on,  even  in  different  parts  of  our  own  countiy,  by 
these  mineral  veins,  and  so  numerous  are  the  modifications  elsewhere,  that  any  minute 
definition  of  the  term  is  out  of  the  question.  Still  it  is  essential  that  the  student  in 
this  department  of  geology  should  have  some  information  on  which  he  can  rely.  The 
veins  diflfer  essentially  according  to  the  rocks  they  traverse ;  and  thus,  in  giving  an 
accoimt  of  them,  it  will  be  advisable  to  consider  separately  those  occurring  in  stratified 
rocks  (such  as  alternating  limestones  and  sandstones),  those  in  metamorphic  schists,  and 
those  in  granite,  basalt,  and  other  rocks  chemically  arranged. 

In  altered  stratified  rocks  both  copper  and  lead  veins  occur ;  but  in  this  country, 
and  indeed  generally,  the  latter  are  the  most  common  in  limestones  and  giits,  while 
copper  prevails  in  slates,  schists,  and  porphyritic  rocks.  The  veins  of  lead  ore  that  are 
most  characteristic  occur  in  the  carboniferous  rocks  of  Wales,  Derbyshire,  Durham,  and 
Northumberland,  and  are  of  three  kinds,  which  are  technically  known  as  rakevetntf 
pipe  veins,  and  Jlats.  Copper  ores  occurring  in  metamorphic  schists  and  granites,  are 
chiefly  found  in  England,  in  the  counties  of  Cornwall  and  Devonshire. 

Rake  Teins  are  simple  crevices  crossing  all  the  rocks  of  a  series,  generally  ver- 
tical or  highly  inclined,  and  having  all  the  characters  of  crevices  formed  in  the  rode 
by  contraction — a  gash  or  open  fissure  having  thus  been  formed,  which  has  sometimes, 
on  subsequent  upheaval,  expanded  the  gap  already  formed,  or  produced  a  small  fault  or 
slip,  preventing  the  two  sides  of  the  fissure  from  now  corresponding.  Such  crevices  in 
England  are  rather  limited  in  extent ;  but  in  South  America  they  have  been  followed 
sometimes  for  more  than  fifty  miles. 

There  are  two  kinds  of  rake  veins,  one  consisting  merely  of  cracks  or  rents,  with- 
out any  slip  or  disturbance  of  the  strata — ^the  other  including  faults,  so  that  the  edges, 
originally  opposite,  are  now  at  different  levels.  The  latter  {slip  veins),  are  often 
twitched — ^in  other  words,  the  intervening  space  between  the  walls  (or  cheeks)  of  the 
vein  are  irregular,  sometimes  large,  and  then  immediately  closed,  thus  forming  a  suc- 
cession of  pockets  or  bellies,  which  arc  often  filled  with  ore,  but  which  are  separated 
by  intervals  where  the  ore  does  not  exist  at  aU,  or  is  too  poor  to  pay  for  working.  On 
the  other  hand,  the  former  {gash  veins)  are  more  regular,  generally  rather  wider  at  top 
than  lower  down,  and  often  found  to  close  altogether.  As  an  example  of  the  magni- 
tude of  veins  of  this  kind,  and  the  extent  to  which  they  are  sometimes  filled  with  one, 
may  be  mentioned  the  case  of  a  mine  at  Llangunog  in  Wales,  which  showed  for  some 
time  a  solid  rib  of  galena  (lead  ore)  five  yards  wide  in  the  middle  of  the  vein.  From 
the  workings  of  this  vein,  we  are  told,  "  The  ore  was  poured  out  of  the  kebbles  at  the 
shaft  head  into  the  waggons,  and  carried  directly  to  the  smelting-house,  without  being 
touched  by  the  washers  and  dressers  of  ore,  besides  several  feet  upon  the  sides  of  the 
vein  which  was  mixed  with  spar  and  other  stony  matter,  and  went  through  the  himds 
of  the  washers."* 

This  noble  vein  was  out  off  below  by  a  bed  of  black  schist,  and  was  never  after- 
wards recovered. 

The  slip,  or  throw  veins,  are  less  vertical  than  the  gash  veins,  and  are  often  toler- 
ably regular.  They  traverse  all  the  strata ;  but  they  do  so  unequally — that  is,  the 
•  Forster's  Sections  of  Strata,  p.  1S7. 
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interval  between  the  walls  is  yery  apt  to  vary  in  crossing  different  rocks,  and  the  yalue 
of  the  yein  for  ore  is  also  greatly  affected  by  the  nature  of  the  strata.  They  contain 
ore  oflben  distributed  in  threads  or  strings  of  various  thickness,  with  much  spar  or 
other  mineral  matter;  but  the  actual  space  is  not  unfrcquently  filled  up  with  clay. 

Obeying  the  law  of  faults  already  spoken  of  in  reference  to  the  coal  measures,  there 
are  certain  technical  rules  for  miners  in  slip  veins,  derived  from  observation,  and 
extremely  useful.  Amongst  these  may  bo  mentioned  the  fact,  that  if  the  vein  traverses 
seyeral  strata,  it  will  be  found  most  regular  in  the  thickest  of  them.  It  is  also  the 
case  that  the  ore  in  such  veins  is  extremely  irregular,  following  no  law  that  can  be 
traced  to  have  regard  to  the  nature,  magnitude,  regularity,  extent,  or  other  conditions 
of  the  yein. 

It  is  regarded  as  a  bad  sign  in  a  working  to  find  the  vein  diverge  into  strings ;  and, 
on  liie  other  hand,  a  junction  of  two  or  more  strings  or  veins  is  looked  on  as  favourable. 
Terns  that  cross  the  prevailing  systems  have  rarely  been  found  so  productive  of 
metallic  ores  as  the  others,  except  at  the  place  of  crossing,  where  they  are  usually 
lidu 

Besides  the  more  regular  rake  veins,  as  above  described,  there  are  some  of  the 
same  general  kind,  which  are,  to  a  certain  extent,  exceptional.  The  most  remarkable 
are  those  which  open  suddenly  into  large  bellies  of  ore,  and  those  which  open  and  close 
alternately,  forming  waving  veins.  In  these  cases  there  is  little  if  anything  to  guide 
even  the  most  experienced  miner;  but  it  often  happens  that  such  veins  are  of  great 
Taloe  where  they  open,  although,  when  once  closed,  it  is  quite  uncertain  whether  they 
again  contain  ore. 

'  Pipe  ▼eins  are  of  the  nature  of  irregular  cavities,  inclined  at  various  angles  to 
the  horizon,  and  consisting  generally  of  expansions,  or  hollow  spaces,  parallel  to  the 
bedding  of  the  rocks  in  which  they  occur.  They  differ  therefore  essentially  and  in  prin- 
ciple from  the  crevices  which  form  rake  veins,  though  in  some  districts  they  are  quite 
as  remarkable  for  their  mineral  wealth.  Such  veins  are  occasionally  filled  with  spar 
and  ore,  and  sometimes  almost  entirely  occupied  with  soft  mineral  soils.  They  are  by 
no  means  confined  to  a  tubular  form,  nor  are  they  always  continuous  between  two  dis- 
tinct beds  of  stone;  but  they  owe  their  name  to  one  peculiar  characteristic— namely, 
that  they  have  no  proper  longitudinal  bearing,  and  con  only  be  regarded  as  having  the 
direction  of  their  length ;  and  this,  as  has  been  said,  corresponds  to  the  dip  of  the  strata 
hi  which  they  occur. 

Flat  TeinSy  like  the  former  class,  correspond  with  the  strata,  but  instead  of  being 
iiregular  cavities,  are,  as  the  name  imports,  comparatively  flat,  or  at  least  correspond 
irregularly  with  the  stratification.  The  beds  above  and  below  such  flats  are  usually 
distinct  and  well  marked,  and  so  far  they  resemble  beds  of  coal  between  shale  and 
sandstone,  but  they  contain  spar  and  ore.  Occasionally  several  flat  veins  extend 
between  bands  of  rock  from  the  place  where  a  rake  vein  crosses,  while  sometimes  an 
accumulated  vein  occurs  of  the  nature  of  a  pipe,  connected  with  flats  of  ore  and  lead, 
to  form  a  rake  vein.     Some  cavities  thus  flUed  ore  of  extraordinary  dimensions. 

The  kinds  of  veins  above  described  are  chiefly  found  in  the  limestones  and  shales 
belonging  to  the  carboniferous  series  of  rocks,  and  form  a  well  marked  and  important 
group,  especially  for  lead  and  zinc  ore  (sulphurets)  in  this  country.  Something  of  the 
same  condition  prevails  on  the  continent,  especially  in  the  limestone  districts;  but  the 
veins  (called  loeles)  in  Cornwall,  and  many  other  mining  districts,  arc  so  far  different,  in 
important  respects,  as  to  need  special  description.  V 
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Dixection  of  iKkLes.— When  metamorphic  rocks  (including  under  this  general 
name  all  granites  and  other  rocks  commonly  spoken  of  as  igneons)  are  carefolly 
examined,  they  are  always  found  striped  and  yariegated  by  a  multitude  of  threads  or 
irregular  yeins  intersecting  the  mass.  Many,  indeed  most  of  these,  are  of  some  simple 
mineral,  either  quartz,  limestone,  sulphate  of  baryta,  or  others,  varying  according  to 
the  nature  of  the  rock;  and  in  such  case,  the  directions  of  the  veins  are  not  such  as  to 
give  any  idea  of  system.  Besides  these;  however,  there  are  other  veins  often  much 
larger  in  dimensions,  though  of  the  same  nature,  partially  filled  with  ores  of  vanous 
metals,  and  not  unfrequentiy  so  four  capable  of  being  grouped  into  systems  as  to  enable 
us  to  speak  of  a  definite  compass-bearing  as  belonging  to  a  certain  series  or  group  of 
veins.  It  is  also  found  that  the  mineral  veins  containing  ore  are  more  or  less  parallel 
to  the  general  line  of  elevation  which  has  brought  up  the  mountain  range  or  elevated 
bands  of  metamorphic  (igneous)  rock  in  the  district.  Thus  in  Cornwall,  a  glanoe 
at  the  geological  map  would  show  at  once  that  this  direction  was  east  and  west,  or 
nearly  so ;  and  this  accordingly  is  the  bearing  of  the  principal  rich  metalliferous  veiiu 
of  the  district.  There  are,  however,  other  not  unimportant  veins  at  right  angles  to 
these,  usually  bearing  metals  different  from  the  former  and  less  abundant,  and  some- 
times there  are  veins  runmng  nearly  north-east  and  south-west,  which  are  called  coiUrM 
(technically  eaunters).  These  are  the  three  kinds  of  miaeral  vein  or  lode  of  the  south- 
west of  England,  the  right  running,  or  east  and  west  lodes,  containing  copper  and  tin 
(the  metals  of  the  district) ;  the  cross  courses,  or  north  and  south  lodes,  usually  beaziDg 
lead ;  and  the  contras  north-east  and  south-west,  or  north-west,  and  south-east,  not  often 
valuable,  but  bearing  copper  rather  than  lead. 

Thus  in  the  lead  veins  already  alluded  to  there  are  certain  rules  that  appear  oalca- 
lated  to  guide  the  miner,  though  the  reason  has  not  yet  been  clearly  made  out.  Thw 
changes  of  all  kinds  in  the  nature  and  even  in  the  hardness  of  a  rock  are  indicatiTe 
of  a  diange  in  the  yield  of  ore :  an  entire  change  of  ground  is  rarely  without  a  maitod 
alteration;  and  in  respect  of  particular  metals,  a  change  £nom  slate  to  granite  is  &vDiir- 
able  for  tin,  but  un&vourable  for  copper. 

Kagnitude  off  Lodes.— The  magnitude  of  true  veins  or  lodes  is  ezceedinglf 
Tirious ;  wmkable  veins  existing  in  which  the  thickness  of  the  metalliferous  portkmiB 
<mly  a  few  tenths  of  an  inch,  while  others  range  for  many  hundred  fathoms,  and  e?ea 
tar  miles,  always  rich  and  valuable.  Sometimes  when  a  vein  expands  it  beoomeB 
poor ;  but  instances  are  known  wh  *re  the  thickest  part  of  a  rich  lode  is  also  the  ridieflt 
part.  There  are  masses  of  iron  ore  'n  Piedmont  three  hundred  and  fiffcy  yards  thick; 
and  the  great  open  mine  at  Fahlun,  in  Sweden,  is  half  a  mile  long,  and  several  hundred 
yards  wide.     Such  masses  are  sometimes  called  stockworks,  from  a  German  word. 

The  depth  of  the  metalliferous  portion  of  a  lode  is  unknown.  It  is,  howefer, 
generally  imagined,  perhaps  without  much  reason,  that  the  ores  of  tin  are  most  vsluaUe 
at  a  small  depth,  while  those  of  copper  increase  in  value  and  amount  as  we  deeeend. 
The  swelling  out,  as  well  as  the  bifurcation  of  a  vein,  certainly  affects  its  TJt^ittm. 
The  transition  frtmi  shales  or  schists  (called  kiiiat  in  Cornwall),  to  granite  or  ehtt 
(porphyritic  dykes  so  caUed),  is  sometimes  acoompanied  by  a  great  impioveiiient  In  a 
lode  crossing  them ;  but  this  sometimes  impoverishes  it. 

Lodes  range  along  the  sur&ce  sometimes  for  a  long  distance,  being  rich  at  intervals; 
and  the  distance  has  some  reference  to  the  magnitude  of  the  disturbing  fotrccA  affeetiag 
the  district  Thus,  while  there  are  few  instances  in  England  of  lodes  being  distinoUy 
traceable  many  miles,  there  is  a  vein  in  Chili  nine  feet  thidc,  which  has  been  proved 
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for  nmety  miles,  and  which  is  accompanied  by  branches  ihiitj  miles  in  length.  The 
▼idth  of  liiis  lode  is  about  nine  feet. 

The  nature  of  the  rock  enclosing  the  lode  has  already  been  spoken  of  as  often 
greatly  affecting  the  form  of  the  yein,  its  magnitudei  and  its  riches.  The  presence  of 
dykes  of  igneous  matter  (elyans),  is  also  to  bo  notioed  as  influential.  There  is  no  limit 
to  the  Tarieties  of  appearance  presented  by  veins  in  different  districts,  and  nothing 
abort  of  sound  knowledge  and  large  experience  will  justify  any  one,  howeyor  acute, 
or  howerer  familiar  with  the  details  of  any  one  district,  in  coming  to  a  conclusion  as  to 
the  Talue  of  mineral  indications  in  a  new  locality. 

rating  of  TeiBS. — ^Mineral  veins  are  not  merely  crevices  in  rocks,  but  crevices 
ooeupied  with  mineral  substances  in  a  certain  condition ;  and  we  must  now  consider 
tiiis  oondition  in  reference  to  the  metalliferous  ores.  By  far  the  greater  part  of  the 
«)at«itB  of  a  vein  or  lode  consists  of  earthy  minerals,  which,  however,  are  generally 
in  a  state  more  or  less  crystalline.  The  name  of  spar  is  given  to  such  crystalline 
■dneralB,  and  amongst  them  appear  quartz  in  various  states ;  carbonate  of  lime,  also  in 
various  forms,  fluate  of  lime,  sulphate  of  lime  (comparatiyely  rare),  sidphate  of  barytes, 
ftc,  besides  many  beautiful  and  more  complex  minerals.  With  them  are  associated, 
dften  in  great  abundance,  iron  pyrites  or  sulphuret  of  iron ;  and  as  metalliferous  ores 
we  find  occasionally  several  native  metals,  metallic  oxides,  metallic  sulphurets,  and 
nomerous  double  and  triple  salts  of  metals,  besides  various  combinations  of  metals. 
The  object  of  the  miner  is  to  extract  such  of  those  ores  as  will  repay  the  cost  of  getting 
and  woridng.  In  place  of  the  hard  crystalline  or  semi-crystalline  earthy  minerals  are 
Kmetimes  feundsoft  clayey  substances,  often  coloured  with  iron;  and  not  unfrcquently, 
iHien  the  vein  is  in  a  largo  Assure,  it  is  occupied  with  a  large  quantity  of  tough  day, 
greatly  interfering  with  the  value  of  the  lode,  which,  under  such  circumstances,  usually 
dies  out.    Such  a  vein  is  called,  by  Cornish  miners,  Ajhokam. 

There  is  often  ample  proof  in  the  mode  of  filling  a  vein  that  this  operation  has 
taken  place  subsequently  to  its  formation,  and  in  many  cases  something  of  the  history 
can  be  traced.  In  mines  in  Germany  it  is  not  uncommon  to  meet  with  veins  chiefly 
oeeopied  with  a  breccia  or  conglomerate,  cemented  together  by  quartz,  carbonate  of 
linie,  or  other  mineral.  Bemarkable  instances  of  this  are  described  by  Werner,  and 
in  many  of  these  instances  there  is  a  large  open  cavity  connected  with,  and  forming 
pert  of,  the  vein ;  and  there  has  evidently  been  in  such  cases  a  considerable  amount 
ef  meehanical  arrangement,  succeeded  by  chemical  action  on  a  large  scale. 

Intwectiiig  Teins. — Sets  of  veins  exist  in  all  mining  districts  which  are 
erossed  and  displaced  more  or  less  by  other  veins.  The  latter  must  evidently  be  of 
more  modem  date  than  the  former,  and  thus  something  is  learnt  as  to  the  history  of 
the  filling  up.  Since,  however,  veins  are  found  containing  all  the  usual  earthy 
■merals,  and  most  of  the  common  metals  penetrating  rocks  of  the  most  recent  date  (and 
•flterefore  clearly  themselves  yet  more  modem),  there  ceases  to  be  any  question  as  to 
Ad  possibility  of  these  repositories  being  formed  and  filled  up  within  a  very  brief 
period,  compared  with  that  occupied  by  the  deposition  of  known  strata. 

Diarttibiition  of  BUotals. — Rocks  of  almost  all  kinds  are  occasionally  split  and 
fiasored,  either  by  simple  contraction  or  upheaval,  so  that  veins  of  some  sort  or  other 
are  widely  spread  in  all  countries.  It  is  even  the  case  that  certain  metals  are  almost 
equally  distributed,  such  as  iron  and  manganese;  but  the  veins  are  seldom  worked, 
fiir  various  reasons.  Practically,  however,  it  happens  that  the  valuable  metals  and 
■wtallic  ores  are  either  dispersed  at  rare  intervals  over  the  earth,  bem%  ^-Q&fiksALXA  ^ 
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few  localities,  distant  from  each  other,  or  else  that  they  are  usuallj  present  in  quantities 
so  small  as  to  have  no  value.  Thus,  while  gold,  as  already  said,  is  very  uniyersally  met 
with,  it  seldom  pays  the  cost  of  working ;  and  silver,  though  much  less  common,  is 
more  profitable  for  regular  mining.  Copper,  lead,  tin,  and  zinc,  the  metals  of  which, 
next  to  iron,  there  is  the  largest  and  most  regular  demand,  involve  far  less  risk,  and,  in 
the  end,  produce  much  larger  profits.  Mineral  veins,  therefore,  are  objects  of  the 
greatest  interest  in  all  their  details,  and  any  information  concerning  them  is  usefol, 
and  may  lead  to  important  results.  The  associations  of  metals  with  each  other,  and 
with  various  veiostones  or  spars — the  relative  value  of  veins  having  certain  common 
peculiarities  of  position  or  appearance — the  appearances  at  the  sut£eum$,  which  lead  to  a 
knowledge  of  the  interior,  are  all  points  of  interest ;  and,  having  said  a  few  words  witii 
regard  to  some  of  them,  we  may  proceed  to  give  the  student  a  practical  definition, 
which  will  guide  him  in  many  cases,  and  be  a  starting-point  for  further  information 
in  many  others. 

&ecapitiilatioii. — ^Mineral  veins,  then,  are  of  the  nature  of  fissures  or  crevices, 
more  or  less  nearly  vertical,  produced  in  rocks,  generally  metamorphic,  and  often 
originating  either  in  simple  contraction  or  contraction  followed  by  upheaval.  They 
are,  of  course,  newer  than  the  rocks  which  they  traverse,  and  they  cross  all  the  rocks 
in  their  way,  though  the  result  differs  much  in  different  cases,  according  to  the 
nature  and  mechanical  condition  of  the  rocks. 

Formed  in  this  way  they  are  found  to  obey  certain  laws.  They  have  usually 
what  are  called  cheeks  or  tcaiU — definite  partings,  often  somewhat  different  fix>m  the 
containing  rock,  and  more  or  less  parallel  to  each  other.  They  exist  in  sets  of  several 
in  the  same  district,  approximately  parallel,  and  others  at  right  angles,  with  a  few 
that  are  intermediate ;  but  they  are  connected  by  branches,  strings,  or  threads,  which 
are,  in  fact,  smaller  veins  not  following  the  law  of  direction.  They  vary  excecdingly 
in  all  dimensions,  length,  breadth,  and  depth ;  they  rarely  terminate  abruptly,  and  those 
of  one  set  are  sometimes  crossed  by  those  of  another  of  more  recent  date. 

These  veins  are  also  filled  with  mineral  substances,  most  or  all  of  which  have  been 
gradually  introduced  since  their  formation.  Many  of  them  have  been  deposited  firom 
water ;  others,  in  all  probability,  firom  hot  vapour  and  steam.  In  others  again  (probaUy 
a  small  number),  there  appears  to  have  been  injection  of  mineral  matter  in  a  melted 
skate :  while,  in  all  probabUity,  the  whole  nmnber  have  undergone  great  subsequent 
change,  and  may  have  been  entirely  filled  in  consequence  of  a  segregation  of  peitides 
firom  the  mass  of  the  containing  rocks,  and  firom  the  contents  of  the  von,  so  as  to  pro- 
duce these  complicated  crystallizations  and  varied  mineral  and  metallic  substances  (rften 
t   met  with. 

!         In  addition  to  this,  and  as  further  illustrating  the  subject,  it  may  be  added  that 

I   pKodQCtire  veins  ai«fi>und,  in  most  cases,  to  contain  a  larger  pn^ofrtion  of  metaOiftr^ 

>    substances  near  cross  couraes,  dose  to  and  at  the  point  where  a  vein  enters  a  difioent 

I   rock  fircnn  that  which  it  has  hitherto  traversed,  and  near  the  pcnnts  where  strings  and 

■   threads  (hence  ealkd  iimdtn  and  fitil^  come  in.    On  the  other  hand,  a  sudden  en- 

largesMBt  of  a  lode  is  often  a  sign  of  povoty.   The  divergence  of  a  lode  into  a  number 

of  small  on«»  is  also  unfiiTDUiahle :  and  a  great  mixture  of  minaals  is  not  generally 

Uk^T  to  k«d  to  an  abundant  supply  of  any  one. 

liaimn  ^tb  almost  all  lodes  in  cMtain  districts,  and  with  ccvtain  classes  of 
Tetns  genetallT,  theit(>  b  so  lanee  a  qnantitT  of  iron  present  that  die  deconqiosition  of 
<^  BMlal  near  the  soifMe  piodwm  a  ftnuginoiis  stain.    The  tops  of  manj  bdfli 
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(near  the  BOxfiuM}  are  also  not  unfrequently  open,  cayemous,  and  formed  to  a  consi- 
deraUe  extent  of  iron  oxide.  Thus  in  Cornwall,  and  many  ports  of  (Germany  and 
Franoe,  in  mineral  districts,  an  irony  appearance  of  a  vein,  where  seen  at  the  crop,  is 
regarded  as  fiiToarable.  In  Cornwall  such  an  appearance  is  called  a  gossan^  and  a 
Oomish  miner  is  apt  to  beUeye  that  a  good  gossan  necessarily  leads  to  a  good  vein  in 
the  depth ;  and,  on  the  other  hand,  that  no  large  vein  is  worth  anything  without  this 
accompaniment.  The  ehapeau  mfer  in  France,  and  the  EUmkopf  of  the  German  miner, 
are  similarly  Talned ;  hut  it  is  quite  a  mistake  to  assume  the  uniycrsality  of  this  law. 
In  some  rich  mining  districts  no  iron,  or  scarcely  any,  exists  in  the  earth,  and  therefore 
the  fermginoQS  stain  is  altogether  wanting,  although  the  richest  and  most  valuable  ores 
(^oq^per,  tin,  and  lead,  may  be  underneath.  The  gossan  is  a  good  indication  where  a 
country  is  well  known,  and  experience  has  preyed  that  it  ought  to  exist;  but  in  a  new 
district  other  appearances  must  decide  as  to  the  value  of  a  property.  In  Cornwall  it  is 
especially  common,  and  often  extends  to  as  much  as  thirty  fathoms  below  the  surface. 
In  itself  consisting  of  iron  oxide,  it  is  valueless,  but  it  has  been  found  in  many  cases 
to  contain  a  small  quantity  of  gold  (a  few  pennyweights  to  the  ton).  The  Poltimore 
mine  (North  Devon)  has  become  celebrated  within  the  last  two  or  three  years  as  con« 
taining  more  than  usual  of  this  valuable  metal ;  but  on  operating  on  large  quantities  it 
has  not  appeared  to  be  sufficient  to  pay  the  expenses. 

Aqueous  Theory  of  BUnexal  Veins.— The  opinions  of  writers  and  pnfttical 
men,  as  to  the  cause  of  mineral  veins  and  the  mode  of  their  filling  up  with  metalliferous 
ores,  were  extremely  vague  and  unsatisfaotory  before  the  time  of  Werner.  That 
eminent  geologist,  trusting  to  the  local  knowledge  which  he  possessed,  and  neglecting, 
in  his  broad  and  able  generalizations,  the  doubtfid  and  obscure  accounts  which  appeared 
to  contradict  his  own  researches,  was  led  to  propound  a  theory  of  veins  which  now  is 
^te  untenable,  although  it  was  sufficiently  important,  and  embraced  a  sufficient  variety 
of  £m^  to  be  well  worth  notice  at  the  time. 

Werner  asserted,  that  true  veins  were  of  necessity  rents  or  crevices  open  in  their 
T^per  part,  and  filled  up  from  above ;  that  the  matter  they  contain  was  precipitated 
from  solution  or  suspense  in  water,  just  as  bods  or  strata  are  formed ;  that  they  are  of 
different  ages,  distinguishable  by  the  order  of  deposit  of  the  contents ;  that  they  are 
Hmited  in  range  and  position,  and  grouped  into  certain  districts.  These  assertions  are 
no  doubt  true  for  certain  cases,  and  especially  for  some  of  those  which  the  great  Saxon 
geologist  had  himself  examined;  but  it  is  equally  certain  that  they  are  altogether 
incorrect  with  regard  to  the  majority  of  cases.  Many  veins,  containing  carbonates  of 
lime,  iron,  copper,  &c.,  oxides  of  iron,  and  numerous  other  minerals,  may  doubtless 
have  been  enlarged  and  filled  by  the  agency  of*  water. 

Theory  of  Sublimation. — In  contradistinction  to  this  view,  another  theory  was 
propounded  some  years  ago  by  M.  Necker,  based  on  the  fact  that  mineral  veins  imost 
invariably  occur  in  mountain  districts,  and  are  more  or  less  immediately  connected 
with  disturbances  of  strata,  and  with  great  lines  of  dislocation,  or  else  are  in  the 
immediate  vicinity  of  igneous  rocks.  Monsieur  Necker,  struck  by  these  facts,  which 
are  very  evident  in  a  large  number  of  cases,  has  investigated  the  subject  with  reference 
to  these  three  questions,*  viz. — first,  whether  there  is  any  unstratified  rock  near  each  of 
the  known  metalliferous  deposits  ? — secondly,  whether,  if  none  such  appear  at  the 
surface,  there  is  any  distinct  evidence  or  any  high  degree  of  probability  that  an  unstra- 
tified rock  exists  immediately  under  a  metalliferous  district,  and  at  no  great  distance 
*  "  Proceedings  of  Geol.  Soc.,"  vol  i.,  p.  892. 
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ttfpm  ihn  maUittt  ?    iad,  tkmd^,  whether  tiiCE»  are  fomd  msf  i 
WiifHif  uttMfMvkt^/tA  with  iipMow  ndoi  ? 

ThA  flMt  fA  th«M  fnesCiMW  au^  eatmlj  he  antwend  m  Ac  ; 
TtjUfftfM^  to  *  VMi  mmher  otTeeiei^iDTBung  die  great  areiaatj,  of  knawMii 
in  all  frtirto  <yf  the  woricL    The  great  adaiiigdiatrklB^  in  all  eiMDitna^haiva 
to  be  iiaflOMliatelf  conneeted  with  mstntiied  and  Gxystalliiie  lodcL 

In  saucer  to  the  seeond  ^neatieBy  M«  Seeker  refers  to  a  noreber  «f  i 
KarT;p«  wh4fre  m'm^rtd  rmB  oeeor  aeazly  and  eridentlj  awnriarfd  wiih  i 
roel(«y  thrmi^ii  not  tmiaaily  proeeeding  fhm  or  passing  into  then. 

Hueh  i«  the  cane,  ior  inatancgy  in  the  Iile  of  Elba,  where  anahiiadant  aanlyatfiMa 
oro  in  olitainMl  from  ireinf  in  ledimentary  roeka;  but  the  doae  yidnitj  of  cniftBd fa»> 
pbyrii'fi  and  fither  igneoua  rocka,  and  their  actual  appearance  at  the 
from  tho  ircim  thomaelYea,  ia  anfficicnt  proof  oi  their  presence  in  < 
anoa. 

With  rrgard  to  tha  third  qneation^  the  answer  is,  althongh  not  abaohrtrfy  in  ftt 
ii«K*tiTo,  yut  MufHciontly  «o  to  add  great  strength  to  any  argnment  that  mi^  k 
daduood  from  tho  answers  to  the  former  questions. 

The  quickHilvnr  mines  of  Idria  in  Carinthia,  and  the  lead  yeins  in  the  monatliia  , 
ltnt(iNton()  of  J'Uintshiro  and  tho  south-west  of  Kngland,  are  ameng  these  appsrat 
oxooftions ;  Imt  tlio  former  ooeur  in  a  disfcxiet  nearly  eomieeted  with  the  great  eiers- 
tlons  of  tho  obnin  of  tho  Alps  in  its  continuation  eastwards,  and  the  latter  are  not  fir 
firom  (u)iiiiidvrablo  dislooations  and  disruptions  of  the  earbonifeiroiis  strata. 

Observing  bow  commonly  it  happens  that  mineral  veins  make  their  appeanneeia 
dbitrints  ifharactoriMcd  by  tlie  prosonoe  of  altered  or  metamorphic  rocks^  it  aof^ 
naturally  bo  anMumod  that  thoy  wore  chiefly  confined  to  strata  of  ancient  date.  Vm 
appoars,  bowovor,  to  bo  by  no  moans  the  case,  and  metallic  ores  are  known  to  eeovia 
rorkH  of  tho  N(>(M)n(lary  luid  oven  tertiary  periods.  And  although  the  gemeialiaatiaas 
attoniptod  to  b4>  doducvxl  by  early  geologists,  as  to  the  age  of  metals,  are  not  altogetiier 
bunu)  out  by  farts,  tboro  still  seems  to  be  a  certain  order  of  antiquitj  in  their  anaag^ 
itiout ;  fiMT  Uu  bim  not  hitherto  boon  met  with  in  any  rocks  of  modem  date;  nor  hiie 
thv  prt>riaus  luotals  boon  obtained  exoopt  tram,  tho  older  veins. 

AiHiri  iVoni  oonaidorations  of  age,  there  are  other  circumstances,  d^pendoot  appannlily 
upon  Uh^oI  inthionoo  in  tho  distribution  of  metals,  which  aie  also  worthy  of  notieeL  Tie 
•UU^  for  iiMtaiUHS  of  l^mwall  and  Dovonshire  are  of  nearly  the  same  geciogieal  sg» 
as  tluw  of  Ni4^  Walvs  and  Cumberland;  but  the  metallifaroua  ores  found  in  theft 
ditl^r  I'X^HHHliugly — tin  abounding  chiefly  in  the  southern  counties,  copper  being  the 
sta)\lo  in  tho  ooutAiil  and  somo  j^urta  of  the  northern,  and  lead  in  other  parts  of  tiie 
mu^hcru  di»t\u't.  U  is  truis  indeed,  that  copper  and  cvoi  lead  are  found  with  tin  in 
iNu^woll  aud  tlmt  Unid  is  associated  with  the  copper  of  North  Wales  and  Conistoa 
AVati^r  HiH^d;  but  tlnwt^  art  indications  of  preicrence,  if  we  may  so  say,  which  wel 

h  \A  a  (Uot  \\f  \\Mm\Wrablo  int«rr$U  thai  tho  limits  of  nuning  districts  are  often  voT 
d<Hnd«HU  and  tt\ark\H\  by  |wuUaritit«  in  tho  physical  ^^timss  of  the  country.  In  the 
UvMTth  vxf  KivsUtvd^  tht'  utighUmrhood  of  Oiuas  Foil  has  been  wodied  with  the  greatest 
tatx'r^MW ;  W<  no  iuslanc^'  has  oicvunvd  (it  is  stated  by  IVxfeaeor  Phillips)  of  a  sis^ 
vsnn  W\u^  trMvd  acfxxM  ih<»  jsrvat  IVtune  &ult  u^  the  wifst«  Similar  focia  have  been 
\^  v>r>sl  >k  ilh  r««;;:ar\l  h%  ihe  VUni:$hire  Ttins^  which  occur  in  the  caihoDiferoas  line- 
i   *(\M^\  -Av..\  \>  b\x  h  iw  x\o  in$tMK^  c*t«r  the  siluxian  locks.    In  this  Istttt  case,  as  in 

^«         I     -..  -       --  1  III  Mill    III.  " 
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mnj  otibyen,  ih»  oldor  rooks  rise  on  the  lino  of  a  great  axu  of  disturbance,  and  seem 
iBtirQlj  to  out  off  the  whole  of  the  mining  ground. 

KL  Necker  oiaisiders  it  a  necessary  result  of  the  connection  he  has  suocessltilly 
flndeafoured  to  show  between  veins  and  igneous  rocks,  that  the  method  of  sublimmtion 
WM  the  one  adopted  by  nature  in  almost  every  case  to  fill  up  those  cracks  and  fissures 
ia  the  omst  of  the  earth  which  have  resulted  in  mineral  veins. 

ISaeMUl  Theory.— This  theory  of  sublimation  differs  considerably  from  that  of 
Igneous  injection  proposed  by  Button,  and  both  of  them  are  diametrically  opposed  to 
tbs  ilMory  of  aqueous  deposition  as  promulgated  by  Wemer. 

Xhe  Huttonian  hypothesis,  that  the  contents  of  veins  were  in  all  cases  injected  from 
Mow  in  a  state  of  igneous  fusion,  is  scarcely  more  probable  or  better  founded  than  the 
nnl  ikieory  of  the  Saxon  geologist 

Xkat  some,  indeed,  of  the  cracks  in  strata,  such  as  trap  dykes,  have  been  so  injected, 
moitbe  regarded  as  probable,  because  in  many  cases  we  actually  see  the  effects  of  heat  on 
tiis  rocks  forming  the  waUs  of  the  dyke ;  and  it  is  clear  that  quartz  and  many  other 
minerals,  and  probably  occasionally  metalliferous  ores,  may  have  been  forced  up  from. 
bebw.  But  if  this  theory  were  really  true,  we  should  surely  sometimes  find  the  ores, 
as  we  do  the  basalt,  protruding  above  the  surface,  a^d  we  could  trace  the  direction  of 
the  eurrents  in  which  the  matter  flowed,  and  discover  some  relation  between  the 
difSsrent  masses  of  ore  that  occur  in  the  veins. 

With  regard  to  the  theoiy  of  sublimation,  by  which  it  ia  meant  that  the  minerals 
and  metaUic  ores  have  been  volatilised  by  heat  and  afterwards  assumed  their  place  by 
eondsusAtioii,  there  ean  be  no  doubt  of  its  being  occasionally  a  vera  causa;  but,  like  the 
other  theories,  it  fails  in  universal  application.  Both  this  and  the  Huttonian  theory  of 
iaiectioiL  would  seem  to  require  that  veins  should  be  richer  in  metallic  produce  as  we 
dosQQod  to  greater  depths  in  a  mine ;  but  it  has  been  already  remarked,  that  experience 
it  Qppoeed  to  the  existoice  of  any  such  necessity. 

yif  trifial  Theovy. — An  attempt  has  been  made  to  account  for  the  phenomena  of 
■inecal  Teins  by  the  agency  of  electricity ;  and  the  advocates  of  this  hypothesis  con- 
lider,  that  by  referring  to  electro-chemical  action,  many  of  the  most  characteristio  and 
remarkable  of  the  facts  that  have  been  observed  may  be  satisfactorily  explained.  The 
gieat  improvementa  and  discoveries  that  have  of  late  years  been  effected  in  this  branch 
of  toienoe,  and  the  certainty  that  electricity  is  a  most  powerful  force,  acting  incessantly, 
and  affeoting  even  the  minute  structure  of  inorganic  bodies,  corresponding  almost  with 
the  vital  principle  in  its  power  of  removing,  re-arranging,  and  selecting  the  particles  of 
dead  matter>  render  every  suggestion,  with  reference  to  this  force,  worthy  of  the  most 
eartful  attention. 

The  experimenter  to  whom  science  is  chiefly  indebted  for  the  original  researches  on 
which  the  electrical  theory  of  mineral  veins  is  founded,  is  Mr.  Bobert  Were  Fox,  who 
greatly  distinguished  himself  by  a  vast  immber  of  investigations  on  the  mutual 
idationa  of  electiioity  and  magnetism,  and  their  mode  of  action  in  re-arranging  the 
pertieles  which  compose  the  crust  of  the  globe. 

jiipyii¥^iitg  the  existence  of  fissures  produced  in  the  solid  substance  of  the  earth's 
crast  at  various  times,  and  taking  it  for  granted  also  that  they  penetrate  to  great  depths, 
are  exposed  to  a  high  temperature,  and  must  have  been  filled  up  progressively,  Mr.  Fox 
has  shown  the  probabiKty  there  is  of  heated  water  having  been  circulated  in  them  by 
ascent  and  descent^  and  the  certainty  that  quartz  and  earthy  substances  might  be 
dsposited  from  water  in  that  state.    He  then  proceeds  to  explain,  that  in  such  fissures, 
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ulK)J  witli  metallic  and  earthy  aerations,  the  diffident  sorts  of  matter  on  the  sides  must 
iwccojuuUy  ptToduco  electrical  action,  which  mig^  be  Tendered  more  actiye  by  the 
uiu'v^uol  tciupcratiire  of  the  water  and  the  walls  of  the  fissme.  Cmrents  of  electiicity 
liiuri  ^cuci'utcd  would  pass  more  easQy  in  the  fissures  than  throng  the  rocks,  and  they 
woidd  pojsci  in  directions  conformable  to  the  general  magnetic  currents  of  the  district* 
iUiU  ihcicibrc  cast  and  west,  or  somewhat  to  the  north  or  south  of  these  points,  according 
lo  I  he  iKXiitiou  of  the  magnetic  poles  at  the  period  when  the  process  was  going  on. 

Klcvti'ical  currents  thus  circumstanced  would  deposit  the  bases  of  the  decomposed 
oui  ih^  aud  metallic  salts  on  different  parts  of  the  rocky  boundary  of  the  vein,  according 
U»  the  momentary  electrical  state  and  intensity  of  the  dififerent  points ;  and  the  nature 
:aid  iK>4ition  of  the  rocks  would  be  influential  in  determining  tiiese  conditions.  When 
b^  siuch  processes  particular  arrangements  had  happened,  new  actions  might  arise,  and 
umvugst  them  a  series  of  secondary  phenomena,  such  as  the  transformation  of  ores 
>kithout  change  of  form — a  fact  otherwise  very  difficult  to  comprehend.  Lateral  rents 
might  also  be  filled  by  virtue  of  these  new  actions,  even  though  they  were  not  in  the 
Uio&t  favourable  lines  of  electrical  circulation. 

In  confirmation  of  his  views,  Mr.  Fox  has  actually  succeeded,  by  direct  ezperimeniy 
iu  forming  well-defined  metalliferous  veins  by  means  of  voltaic  currents  ojteratiiig 
under  circimistances  resembling  those  supposed  to  have  occurred,  and  which  sometimes 
do  occur  in  Cornwall. 

Absence  of  any  Univezsal  Method.— Before  bringing  this  subject  to  a  con- 
clusion, it  may  be  observed,  as  some,  and  perhaps  a  sufficient,  excuse  for  tiie  uncertainty 
of  our  knowledge  concerning  it,  that  it  is  the  most  difficult  of  all  departments  of 
geology ;  for  it  requires  the  closest  investigation,  combined  with  the  broadest  general 
views,  while  the  means  of  pursuing  such  investigations  are  scanty  and  unsatis&ctory, 
and  the  examination  of  mineral  veins  in  the  mines  themselves  is  rarely  productive  of 
any  useful  result.  It  cannot,  therefore,  be  a  matter  of  surprise  that  different,  and  even 
opposite,  views  have  been  advocated  by  those  who  have  only  partially  observed  Nature; 
and  perhaps  it  is  the  safest  plan,  as  it  certainly  seems  the  only  way  by  which  we  can 
reconcile  conflicting  opinions,  to  take  a  middle  course,  and  admit  the  validity  of  each 
cause  that  has  been  assigned. 

Nor  is  such  a  mode  of  escaping  &om  the  difficulties  of  the  case  imreasonable  or 
inconsistent  with  what  we  know  of  the  ordinary  course  of  Nature,  in  which  all  means 
are  used,  and  every  variety  of  cause  employed,  to  bring  to  perfection  one  great  result 
In  examining  the  contents  of  veins,  one  cannot  but  be  struck,  not  only  by  the  appear- 
ance of  a  complication  of  causes,  but  by  the  evidence  of  their  succession,  rendering  it 
probable  not  only  that  different  agents  have  been  employed,  but  that  they  have  done 
their  work  separately  as  well  as  conjointly;  that  they  have  operated  at  difiSerent 
periods  ;  and  that  one  has  produced  effects  for  which  another  was  inadequate. 

Biscovery  of  Mineral  Veins. — Reverting  to  the  main  facts  connected  wifli 
these  phenomena,  the  student  will  remember  that  metalliferous  veins,  or  lodes,  are 
limited  in  geographical  and  geological  distribution ;  that  they  exist  in  sets,  having 
different  compass-bearings ;  that  they  generally  intersect  the  surface ;  and  that  they  often 
cross  or  run  into  each  other.  They  are  found  either  accidentally  or  by  actual  search; 
in  the  former  case  being  exposed  in  river-beds,  or  sea-cliffs,  in  road-cuttings,  and 
by  ordinary  agricultural  occupations.  They  are  sought  for  by  observing  natural  indi- 
cations in  a  known  district,  by  tracing  the  gravel  of  a  stream  by  a  process  called  shading} 
by  opening  the  surface  by  what  are  called  costeanings,  or  costeaning  pits ;  and,  lastly,  by 
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Bmking  shafta,  or  driying  adits  into  a  hill-side  to  cut  the  lode,  and  if  worth  while  re- 
moying  the  ore.  We  do  not  include  among  methods  those  peculiar  powers  assumed 
by  some  persons,  even  at  the  present  day,  who  believe  in  the  divining-rod,  and  fancy 
ihey  see  a  lambent  flame  floating  over  productive  lodes;  although  it  would  not  be  right 
to  omit  all  notice  of  so  peculiar  a  superstition  which  still  prevails  in  some  districts  of 
ComwalL* 

Of  the  natural  indications  of  copper  lodes,  the  water  of  the  neighbourhood  is  one  by 
no  means  imimportant.  The  harsh  taste  of  tiie  water  is,  of  itself^  a  guide ;  but  a  better 
expedient  is  to  immerse  a  piece  of  bright  iron  in  it  for  two  or  three  days,  when  the 
odloiir  will  decide,  as  the  copper  (if  any  exists)  will  be  deposited  on  the  iron,  commu- 
nicating a  decided  cupreous  tint. 

Gosteaning  is  a  method  commonly  adopted  to  discover  the  presence  of  a  produc- 
tive mineral  vein.  The  word  literally  means  "  fallen  tin,"  and  the  process  consists  of 
linking  small  pits  through  the  surface  deposits  to  the  solid  rock,  and  driving  firom  one 
to  another  across  the  direction  of  the  vein,  so  as  necessarily  to  cross  all  the  veins  be- 
tween two  such  pits.  Where  the  prevalent  strike  of  the  principal  systems  of  right- 
running  veins  is  clearly  made  out  in  a  district,  costeaning  is  likely  to  be  foimd  a  very 
eflGaotoal  process,  and  may  safely  be  adopted  for  any  metal.  The  pits  are  often  sunk 
sereral  feet  into  the  rock  before  the  communications  are  made  between  them. 

The  method  of  costeaning,  already  referred  to,  is  sometimes  modified  by  working 
drifts  for  discovery  across  the  direction  of  the  right-running  veins  of  a  district.  Where 
the  rock  is  not  very  hard,  and  is  not  covered  up  at  the  surface  by  detritus,  or  a  thick 
ft^<^"g  of  vegetable  soil,  open  cuttings  may  be  made  in  this  way  at  a  very  small  cost ; 
which  will  lay  bare  the  lodes  for  a  long  distance.  If,  in  consequence  of  the  form  of  the 
ground,  this  can  be  done  at  a  depth  of  twenty,  thirty,  or  forty  fathoms,  without  getting 
below  the  water  level,  and  where  driving  is  not  expensive,  either  from  the  nature  of 
the  ground  or  the  timber  required  to  support  it,  the  lodes  will  be  much  more  effectually 
laid  bare.  Gross  courses  are  not  unfrequently  made  use  of  in  this  way;  but  it  must  be 
home  in  mind  that  the  condition  of  the  lode  where  crossed  is  often,  in  such  case,  very 
different  from  that  elsewhere  shown. 

ghodlng  is  another  ancient,  but  useful,  mode  of  determining  the  position  of  a  lode. 
like  costeaning,  it  was  originally  adopted  in  Cornwall  for  tin  stones,  but  has  since  been 
introdnoed  as  part  of  a  general  system  of  discovery  in  other  cases.    The  principle  in- 

*  It  is  singrular  that  the  dirining-rod  should  have  so  far  entered  into  the  list  of  methods  for  dis. 
ooreringore  in  Cornwall  as  to  occupy  in  its  description  several  folio  pages  in  the  otherwise, sensible 
•ad  fueftil  treatise  by  Mr.  W.  Pryce,  well  known  to  all  persons  interested  in  the  literature  of  mines. 
This  book  bears  date  1778;  and  in  concluding  his  account  of  the  "  Virgula  Diyinatoria,"  as  it  is  there 
derignated,  the  author  gives  a  number  of  illustrations  of  its  successful  use  in  Cornwall.  He  then  says, 
**  Hence  it  is  very  obvious  how  useful  the  rod  may  be  for  the  discovery  of  lodes  in  the  hands  of  an 
adept  in  that  science ;  but  it  is  remarkable  that,  although  it  inclines  to  all  metals,  in  the  hands  of 
middlfkil  persons,  and  to  some  more  quick  and  lively  than  to  others,  yet  it  has  been  found  to  dip 
•qully  to  a  poor  lode  and  to  a  rich  one.  I  know  that  a  grain  of  metal  attracts  the  virgula  as  strongly 
••  a  pound ;  nor  is  this  any  disadvantage  in  its  use  in  mining ;  for  if  it  discovered  only  rich  mines, 
or  the  richer  parts  of  a  mine,  the  great  prizes  in  the  mining  lottery  would  be  soon  drawn,  and  future 
adventurers  would  be  discouraged  from  trying  their  fortune."  It  is  singular  to  find  such  opinions 
prevail ;  bnt  the  history  of  the  period  abounds  with  similar  instances,  and  the  divining-rod  is  only 
one  of  a  lai^  class  of  deceptions  where  success  would  seem  to  depend  only  on  unblushing  impudence, 
or  th«  grossest  self-delusion  on  one  hand,  and  the  most  wilful  blindness  on  the  other.  That  honest, 
tmttworthy,  and  even  intelligent  people  have  given  way  to  the  delusion  is,  however,  beyond 
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volved  is,  tliat  when  a  part  of  a  lode  consisting  of  fragments  of  heavy  ore  mixed  with 
the  comparatively  light  spars,  and  stones  accompanying  it,  is  broken  off  from  the  top  of 
the  lode  during  a  general  denudation  of  the  surface,  the  lighter  particles  will  be  carried 
ferthest,  and  the  heavier  left  behind ;  so  that,  in  fact,  there  will  be  a  natural  grouping  in 
the  order  of  the  specific  gravity  of  the  stones.  Thus  the  largest  quantity  of  ore,  and 
the  largest  fragments,  will  be  left  nearest  the  vein,  and  the  others  will  bo  conveyed  along 
the  river  course,  gradually  diminishing  in  amount.  It  wiU  also  happen  that  the  ore, 
being  derived  from  a  small  breadth  of  vein,  is  comprised  within  narrow  limits  at  the  top 
of  a  hill,  but  may  cover  a  large  space,  and  be  distributed  by  several  streams  in  the  pkdns 
below.  It  has  already  been  remarked  that  tin  shodes  are  the  most  common,  owing  to 
the  high  specific  gravity  of  the  ore.  Shodes  of  mundic  (iron  pyrites),  copper  pyrites, 
and  lead  ore,  are  also  found,  but  less  abundantly.  Quicksilver  shodes,  and  tiiose  of 
wolfram  (a  valueless  mineral,  resembling  tin  stone),  are  often  met  with.  Silver  and 
gold  shodes  are  known ;  but  the  metal  in  the  latter  case  is  more  usually  obtained  £rom 
the  shode  than  the  vein;  and  in  the  former  is  not  so  effectual,  owing  to  the  li^tness 
of  many  silver  ores.  The  following  account  of  the  method,  taken  from  Pryce  (alreadf 
quoted)  will  give  the  best  idea  of  the  process  still  adopted : — 

<'  When  the  miners  find  a  good  stone  of  ore,  or  shode,  in  the  side  or  bottom  of  a  hOl, 
they  first  of  all  observe  the  situation  of  the  neighbouring  ground,  and  consider  whenoe 
the  deluge  could  most  probably  roll  that  stone  down  from  the  hill ;  and,  at  the  same 
time,  they  form  a  supposition  on  what  point  of  the  compass  the  lode  takes  its  ooune: 
for  if  the  shode  be  tin  or  copper  ore,  or  promising  for  either,  they  conclude  that  the  lode 
runs  nearly  east  and  west ;  but  if  it  is  a  shode  of  lead  ore,  they  have  equal  reason  to 
conclude  that  the  vein  goes  north  and  south.  After  finding  the  first  stone,  or  shode^ 
they  sink  littie  pits  as  low  as  the  first  rubble,  which  is  the  rubble  or  clay  never  mofod 
since  the  flood,  to  find  more  such  stones ;  and  if  they  meet  with  them,  they  go  fuitha 
up  the  hiU  in  the  same  Hne,  or  a  littie  obliquely  perhaps,  and  sink  more  pits  still,  whik 
they  find  shode  stones  in  them ;  but  they  seldom  sink  those  pits  deeper  than  the  rubUe 
upon  the  shelf,  except  they  are  near  the  lode.  If  the  shode  is  found  in  vegetable  soil, 
the  lode  is  not  at  hand ;  but  if  it  lies  deep,  massy,  and  angular,  it  is  a  certain  sign  that  Ae 
lode  is  not  far  off;  more  especially  if  the  shodes  are  of  a  pyramidal  or  conical  form,  and 
the  base  or  heaviest  part  of  them  lies  pointing  one  way,  it  is  both  a  sign  that  the  lode  it 
not  far  off,  and  that  it  is  to  be  found  opposite  to  the  base,  or  heaviest  part  of  the  Btonei* 

^'  As  they  advance  thus  nearer  the  lode  with  their  pits,  they  find  their  shode  znoie 
plentiful  and  deeper  in  the  ground ;  but  if  they  chance  to  go  further  frx)m  the  lode^  (Xt 
pass  the  yonder  side  of  it,  there  is  a  greater  scarcity  of  the  shode,  or,  perhaps,  none  at 
all :  in  which  case  they  return  to  their  last  pit  which  produced  shode  most  plentifiillyy 
and  work  the  intermediate  ground  with  more  oare  and  circumspection,  by  drifts  from 
one  pit  to  the  next,  until  they  cut  the  lode.  Sometimes  they  find  two  different  shodes  in 
the  same  pit  at  different  depths ;  then  they  are  sure  that  there  is  another  lode  furtlier 
over ;  and,  in  training  up  to  the  second,  they  may  meet  with  the  shode  of  a  third.  How- 
ever, when  they  are  just  come  to  the  vein  they  set  out  for,  they  find  an  imcommffli 
quantity  of  shode  stones  answering  to  the  description  before  given,  and  then  they  say 
that  they  have  the  brt/le  of  the  lode ;  upon  which  they  dig  down  into  the  solid  hard 
rock,  which  has  never  moved  or  loosened,  until  they  open  the  lode,  and  find  its  bueodih 
by  the  walls  in  which  it  is  enclosed."* 

Many  lodes,  however,  yield  no  shode ;  the  upper  part  of  the  lode  either  eontainiog 
•  See  Mineralogia  Cornubiensis,  p.  127^ 
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BO  Ofe»  or  the  dotritas  haying  beon  carried  too  far,  and  being  ground  into  too  small  a 
state  of  diyiaion  to  be  reoogniaable.  In  these  cases  there  is  little  to  guide  the  miner 
beyond  the  nature  of  the  gossan,  or  other  appearances  at  the  back  of  the  lode,  both  of 
▼faich  are  liable  to  deception.  After  all,  it  must  happen  in  such  cases  that  the 
disoorery,  if  made,  will  be  due  to  accident  rather  than  to  the  intelligence  of  the 


4>p«ra.tloB8. — Haying  explained  these  preliminary  processes,  we  may 
ptoeeod  now  to  the  actual  operations  of  mining :  and  since,  in  England,  the  county  of 
Oomwall,  and  that  part  of  Deyonshiro  immediately  adjacent,  are  the  districts  in  which 
mining  operations  are  conducted  on  the  largest  scale,  and  with  reference  to  the  greatest 
yniety  of  mechanical  appliances,  we  may  conyeniently  take  them  as  the  type  of  copper 
and  tin  mining.  Lead  mining  and  dressing,  when  on  the  largest  scale,  are  conducted 
■wewLat  difBorently,  and  in  other  districts.  They  need  but  little  separate  description. 
The  object  here  being  chiefly  to  illustrate  the  condition  of  mining  in  a  practical 
way,  it  will  be  best  to  do  so  in  reference  to  the  miner's  duties,  and  the  different  cir- 
whioh  more  or  less  affoct  his  lot  and  fortunes.  We  may  premise  that  the 
«*  miner''  exdusiyely  applies  to  those  actually  working  in  the  mines— the  capi- 
talists, or  those  employing  the  miner,  being  known  as  the  odyenturers.  Each  mine  is 
owned  by  a  company  of  adyenturers— the  capital  being  diyided  into  shares,  which  are 
nUD^fitable  and  transferable,  like  those  of  a  railway  company,  and  in  Cornwall  being 
snbjeet  to  special  laws,  and  a  method  of  limited  partnership  caUod  the  cost-book  system. 
&«i4's  ]hi«fly — To  explain  the  process  of  mining,  it  is  adyisable  to  begin  with  the 
beginning ;  in  other  words,  to  follow  a  mine  from  its  first  establishment,  until  it  is  in 
complete  and  actiye  operation.  When  there  is  reason  to  belieye  that  a  lode  worth 
trying  exists  in  a  place  not  hitherto  worked,  a  set  of  adyenturers  form  themselyes  into 
a  company  for  the  purpose  of  working  it.  In  doing  so,  their  first  business  is  to  apply 
to  the  lord  of  the  soil  for  a  license  to  work  the  lode  for  a  giyen  time— sometimes  for  six 
maa&B,  but  generally  a  year — ^lipon  trial ;  the  lord  to  receiye  a  specified  proportion ; 
usoany  from  one-tenth  to  one-fifteenth  of  the  ore  which  may  be  raised  during  the  period 
of  llie  Ucenae.  The  lord  also  comes  under  an  obligation,  should  the  adyenturers,  at  l^e  ex- 
piration of  the  license,  be  disposed  to  continue  the  working  of  the  mine,  to  lease  it  to  them 
for  a  certain  number  of  years,  generally  upon  the  same  terms  as  those  of  the  license,  so 
fiff  as  his  share  of  the  proceeds  is  concerned.  Should  the  project  proye  a  failure,  it  may 
be  abandoned  at  any  time  before  the  expiration  of  the  license.  This  mode  of  paying  the 
loid  his  dues  is  objected  to  by  many,  on  the  ground  that  it  frequently  operates  harshly 
upon  the  adyenturers.  They  urge,  that  howeyer  much  the  mine  may  be  losing,  the 
lordia  alwsys  aore  of  a  profit  Thus,  if  £15,000  worth  of  ore  is  raised  and  disposed 
oi^  it  may  cost  the  adyenturers  £15,000  to  raise  it.  If,  in  that  case,  they  paid  the 
hffdhis  fifteenth,  the  company  would  lose  £1,000  instead  of  making  a  profit.  But 
this  would ,  be  equally  the  case  were,  the  lord,  instead  of  his  share  of  the  pro- 
ceeds of  the  mine,  to  receiye  a  fixed,  money  rent  from  the  adyenturers.  Thus, 
if  the  fixed  rent  was  £2,000,  and  the  produce  worth  £15,060,  as  in  the  case  supposed, 
the  losB  to  the  adyenturers  would  bo  £2,000,  instead  of  £1,000.  It  is  quite  true,  that  by 
the  present  arrangement,  the  lord  is  always  sure  of  a  profit,  because  he  runs  no  risk ; 
hot  that  profit,  like  the  profit  of  the  adyenturers,  fiuotuates  with  the  price  of  copper,  and 
when  the  price  is  low,  the  present  system  of  rent-paying  bears  upon  them  more  lightly 
than  any  other  arrangement  would  do. 

The  oomae  here  mentiooed  is  that  which  is  pnmiied  when,  it  \&  Vn.  ocnAfiSBf^a&sm 
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to  open  up  an  entirely  new  mine.  But  it  frequently  liappens  that  a  new  mine  is 
opened  within  bounds  already  set  out  to  a  company  of  adyenturers,  and  within 
which  they  are  already  working  a  mine.  In  such  case  no  new  license  is,  of  conrse, 
required.  When  a  new  mine  is  thus  opened,  the  way  is  generally  led  by  a  party 
of  miners,  who  undertake  to  try  on  the  "  tribute  system,"  which  will  be  imme- 
diately explained,  either  what  they  believe  to  be  a  fresh  lode,  or  a  portion  of  the 
lode  already  worked,  but  which  the  existing  operations  are  not  likely  to  reach.  In 
the  latter  case,  the  result,  if  the  experiment  proye  successful,  is  generally  the  winTriTig  of 
some  new  shafts,  which  are  soon  connected  with  the  existing  works,  whereby  the  scope 
of  the  existing  mine  is  only  enlarged.  But  whether  an  entirely  new  mine  is  to  be 
opened,  or  the  range  of  an  existing  mine  is  only  to  be  enlarged,  the  operations  commence 
by  the  sinking  of  shafts,  and  the  construction  of  leyels ;  these  must  be  done  ere  tihe  mine 
is  in  workable  condition ;  and  this  brings  us  at  once  in  contact  with  the  actual  work  of 
the  miner. 

The  miners  are  divided  into  two  great  classes — ^the  surface  and  the  underground 
men.  The  latter  are  by  far  the  most  numerous,  being  fully  three  to  one,  as  compared 
with  the  former.  The  underground  men  are  again  divided  into  two  separate  daases, 
known,  in  mining  phraseology,  as  the  "  tutmen,"  and  "  tributers." 

Tut-THTOzk. — The  tutmen  are  those  who  do  '^  tut"  work,  which  is  neither  more 
nor  less  than  simple  excavation.  In  commencing  a  mine,  therefore,  the  tutmen  are 
the  first  called  into  requisition.  They  sink  the  shaft  and  run  the  levels — all  the  ore 
which  may  chance  to  be  raised  during  the  process  belonging  exclusively  to  the  adven- 
turers, always  with  the  exception  of  the  lord's  dues.  The  work  is  given  out  by  the 
fathom ;  it  is  regularly  bid  for,  and  the  parties  offering  to  do  it  for  the  lowest  price 
secure  the  work.  It  generally  happens,  however,  that  one  of  the  captains  of  the  mine 
ascertains  beforehand,  as  far  as  can  be.  the  nature  of  the  work,  and  sets  his  own  price 
upon  it— the  price  at  which  it  is  taken  seldom  varying  much  from  the  captain's  price. 
Both  tut  and  tribute  work  are  usually  taken  by  what  is  called  a  "  party;"  the  party, 
in  both  cases,  consisting  of  several  individuals,  their  number  varying  according  to  cir- 
cumstances. The  party  is  divided  into  gangs,  which  relieve  each  other  in  rotation. 
There  are  three  gangs  to  a  tut  party,  each  gang  working  eight  hours  at  a  time— the 
whole  twenty-four  hours  being  thus  turned  to  account.  The  gangs  employed  in  tut 
work  are  strictiy  required  to  relieve  each  other  at  the  proper  time.  As  their  work  is 
chiefly  preliminary  to  the  real  business  of  mining,  it  is,  of  course,  the  object  of  those 
who  employ  them  to  have  it  done  as  speedily  as  possible.  Nor  are  the  interests  of  the 
tutmen  themselves  interfered  with  by  this — ^for,  as  their  work  is  piece-work,  the  sooner 
they  get  through  it  the  better.  A  greater  degree  of  discretion  is  generally  given  to  the 
tributers,  as  to  how  long  they  may  work,  and  when  they  may  relieve  each  other-^t 
being  supposed  that  they  have  suficient  inducement  to  diligence  in  the  share  which 
they  have  in  the  proceeds  of  their  own  operations.  At  the  poorer  mines,  tutwork  is 
generally  confined  to  ground  which  is  not  metallic — ^tribute  work  having  reference 
invariably  to  metallic  ground.  At  times,  however,  tutwork  embraces  ground  which  is 
metallic,  but  this  is  always  in  the  richer  mines.  When  the  ore  is  known  to  be  good, 
it  is  raised  at  so  much  per  fathom,  in  which  case  it  all  belongs  to  the  adventurers.  It 
is  generally  work  of  a  more  speculative  kind  that  is  set  on  the  tribute  system ;  and  it 
is  because  in  the  poorer  mines  all  the  work  is  of  this  kind,  that  the  whole  of  the 
ore  is  raised  on  that  system.  But  even  when  it  is  raised  on  the  other  system — ^that 
is  to  say,  by  tutwork— it  is  not  unusual  to  give  the  men  employed  a  small  interest 
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m  the  ore  pzodnoed.  This  is  done  in  order  to  make  it  their  interest  not  to  waste  or 
1^  the  ore. 

The  work  of  the  tatman  is,  as  already  said,  that  of  simple  excavation,  at  so  much 
per  fikthom.  He  hids  for  it  with  a  real  or  presumed  knowledge  of  the  nature  of  the 
ground  to  be  worked — ^the  same  knowledge  being  possessed,  or  presumed  to  be  pos- 
nseedy  by  the  captain  assigning  him  the  work.  Miscalculations  in  this  respect  are  not 
mfrequently  made,  which  are,  in  their  results,  sometimes  in  fiEiTour  of,  and  at  others 
against,  the  tatman.  Although  their  work  has  not  so  much  the  character  of  a  gambling 
transaction  about  it  as  has  tiiat  of  the  tributers,  still  it  is  not  entirely  free  fix)m  that 
objection.  He  may  bid  for  work,  and  it  may  be  assigned  to  him,  on  the  supposition 
that  the  ground  is  hard  and  difficult  to  be  operated  upon—or  the  same  may  be  done  on 
the  contrary  supposition.  In  the  one  case  it  may  be  found,  after  a  little  trial,  much 
easier,  and  in  the  other  much  more  difficult,  to  work  than  was  anticipated.  Hence,  by 
the  chance  of  his  work,  he  may  be  a  gainer  to  some  extent,  or  a  severe  sufferer.  Thus, 
after  taking  work  which  appears  easy,  at  a  comparatively  low  price  per  fathom,  he 
may,  after  penetrating  for  some  distance  through  disintegrated  granite,  which  is  easily 
removed,  or  soft  clay,  come  to  a  hard  mass  of  granite,  which  opposes  a  serious  obstacle 
to  his  progress.  This  the  tutman  calls  a  '*  pebble,"  and  it  is  a  serious  question  with 
the  party  on  discovering  it,  whether  they  will  change  their  course  to  avoid  it,  if  pos- 
sible, or  dash  rig^t  through  it,  in  the  hope  that  it  does  not  extend  to  any  great  depth. 
There  is  risk  in  either  case,  as  the  time  lost,  and  the  expense  incurred,  in  attempting  to 
tum  or  avoid  it,  may  be  much  greater  than  was  anticipated.  Nor  is  it  always  that  it 
can  be  avoided  at  any  cost.  Then,  again,  if  they  attempt  to  go  through  it,  their  hopes 
may  be  disappointed,  as  its  depth  may  be  very  great.  Sometimes,  after  going  through 
it  for  some  distance,  they  give  it  up  in  despair,  and  attempt  to  tum  it,  which  they 
find,  to  their  mortifLcation,  after  having  lost  so  much  labour,  that  they  can  rarely  do. 
When  the  work  goes  thus  against  the  tutman,  he  very  soon  complains,  and  if  his  com- 
plaint is  well  grounded,  a  fiEivourable  modification  is  generally  effected  in  the  arrange- 
ment between  him  and  his  employers. 

The  undertaking  of  the  tutman  is  to  bring  to  the  surfiEUie  so  much  matter,  whether 
are  or  ^^fStaS^"  or  both  together,  at  so  much  per  fathom.  To  fulfil  it,  he  requires  the 
use  of  machinery  to  raise  the  matter  excavated  to  the  surface.  That  which  he  thus 
employs  is,  of  course,  the  machinery  on  the  spot,  adapted  for  the  purpose  and  apper- 
taining to  the  mine.  For  this  he  is  usually  charged  at  a  certain  rate  per  fathom, 
which  is  so  much  to  be  deducted  from  his  earnings.  There  are  other  deductions  also 
to  be  made;  but  as  these  are  common  to  both  tributers  and  tutmen,  their  explanation 
will  be  deferred  for  the  present.  The  first  work  with  which  the  tutman  grapples  is,  of 
oomrse,  the  sinking  of  the  shaft.  The  object  is,  if  possible,  to  have  the  shaft  perpendicular. 
Such  a  shaft  is  not  only  the  most  convenient,  but  it  is  also  attended  with  the  least  expense 
in  iJie  future  working  of  the  mine.  But  much,  in  this  respect,  depends  upon  what  is 
called  the  '*  underlie  "  of  the  lode.  It  is  very  seldom  that  the  lode  is  perpendicular ; 
ita  inclination  being,  as  it  proceeds  downwards,  generally  to  the  north.  If  the  underlie 
is  not  great,  the  shaft  may,  to  a  considerable  distance,  follow  the  lode.  If  it  is  great^ 
the  shaft  descends,  not  in  one  continuous  line,  but,  as  it  were,  by  a  succession  of  steps. 
It  will  be  sunk  perpendicularly  by  several  fathoms  at  a  time,  the  lode  all  the  time 
diverging  from  it  to  the  northward.  At  certain  distances  halts  are  made,  and  hori- 
nmtal  courses  run  in  the  direction  of  the  lode  until  it  is  again  struck.  Each  time  the 
lode  is  struck  the  shaft  is  sunk  again,  the  lode  to  be  reached  again  by  a  horizontal 
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course  as  before.  As  the  shaft  is  being  sunk,  the  lereb  are  being  oonstructed.  It  is 
necessary  that  the  reader  should  comprehend  what  these  are,  as  on  his  doing  ao  will 
greatly  depend  his  comprehension  of  the  operations  which  follow.  To  enable  him  the 
more  readily  to  understand  the  internal  arrangements  of  the  mine,  let  us  suppose  both 
the  lode  and  the  shaft  to  be  perpendicular. 

Drifts  and  Winmes. — ^The  lode,  be  it  reiaembered,  is  neither  more  nor  less  than 
a  creyice  or  fissure  in  the  granite,  or  in  the  slate,  or  at  the  junction  of  the  two,  Yarying 
in  width,  and  generally  running  £rom  east  to  west.  This  crerioe  is  usually  filled  with 
disintegrated  granite,  clay,  or  other  soft  matter,  interspersed  with  which  is  the  metsL 
Were  the  lode  perpendicular,  the  shaft,  in  following  it  downwards,  would  be  perpen- 
dicular also.  The  shaft  is  usually  in  the  form  of  a  paralldogram,  about  five  or  six  feet 
wide,  and  about  double  that  in  length.  The  sides  are  almost  invariably  secured  with 
woodwork,  so  as  to  prevent  them  falling  in.  Down  the  middle,  and  dividing  the 
parallelogram,  as  it  were,  into  two  squares,  runs  a  strong  wooden  partition,  which,  in 
reality,  makes  two  shafts  of  it.  One  is  for  the  raising  of  the  ore  and  rubbish;  the 
other  is  that  by  which  the  miners  have  access  to  and  egress  irom  the  mine.  The  levels 
are  parallel  courses  which  diverge  on  either  side  from  tke  shaft,  and  follow  horizontally 
the  course  of  the  lode.  These  courses  are  at  different  distances  from  each  other ;  but, 
generally  speaking,  they  are  not  more  than  ten  fathoms  apart.  Thus,  after  the  shaft 
is  sunk  a  certain  distance,  the  first  level  will  be  nm— in  other  words,  a  horizontal 
passage  will  be  cut  from  either  side  of  the  shaft,  following  the  direction  of  the  lode. 
The  height  of  this  passage  is  usually  from  five  to  six  feet  It  is  also  commonly  thiee 
feet  wide,  so  as  to  give  room  for  the  operations  to  be  conducted  within  it.  This  is  its 
width,  however  narrow  the  lode  may  be ;  nor  is  it  frequently  made  any  wider,  unkiB 
the  lode  is  sufficiently  rich  to  warrant  its  being  made  so.  There  is  no  limit  to  the 
length  of  the  passage  or  timnel,  but  such  as  may  be  set  to  it  by  the  superficial  bounds  of 
the  mine.  The  shaft  is  then  sunk,  say  for  ten  fathoms  more,  when  simihu:  levels  axe 
constructed,  directly  imder  those  alluded  to.  This  operation  may  be  repeated  so  long 
as  the  mine  continues  sufficiently  wealthy  to  induce  the  adventurers  to  keep  sinking 
the  shaft  and  constructing  new  levels.  Some  mines  have  attained  a  depth  of  three 
hundred  fathoms,  so  that  they  have  about  thirty  different  sets  of  levels,  all  ranging  one 
beneath  the  other.  When  a  new  level  is  wanted,  the  shaft  is  first  sunk  to  the  proper 
depth,  when  the  level  is  opened  up.  The  rationale  of  a  mine,  under  these  circum- 
stances, would  be  neither  more  nor  less  than  a  perpendicular  hole  sunk  in  the  lode^ 
with  a  series  of  horizontal  holes  projecting  into  it,  at  regular  distances  from  each 
other,  from  cither  side  of,  or  at  right  angles  to,  the  perpendicular  one.  It  is  obvious 
that,  when  the  lode  is  not  perpendicular,  which  is  usually  the  case,  and  the  shaft, 
instead  of  being  continuous,  descends,  as  it  were,  by  steps,  ihe  levels,  instead  of  being 
directly  imder  each  other,  will  be  below,  but  a  little  to  the  side  of  each  other — the 
distance  to  which  they  will  be  to  the  side  of  each  other  depending  upon  the  inclinatiaiL 
or  underlie  of  the  lode.  Thus,  if  the  lode  underlies  to  the  northward,  each  successive 
level  will  be  more  to  the  northward  than  those  above  it,  and  less  so  than  those  below. 
Generally  speaking,  instead  of  the  shaft  following  the  levels,  and  so  being  broken  into 
different  sections,  it  is  sunk  perpendicularly,  being  accessible  to  the  different  levels  by 
means  of  hbrizontal  curves  connecting  them  together. 

When  the  mine  is  extensive  it  is  usual  to  sink  several  shafts.  Thus,  at  the  Cam 
Brea  Mine,  which  has  a  superficial  extent  of  a  mile  and  a  half  in  length,  and  about 
three  quarters  of  a  mile  in  width,  there  are  from  twenty  to  thirty  shafts.    Other  miniee 
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haye  even  more  tlian  this.  These  shafts  are  often  situated  along  the  lino  of  the  lode, 
and  are  constructed  to  facilitate  the  operations  of  the  mine,  which  would  be  much 
impeded  were  there  but  one  outlet,  when  the  levels  have  been  pitched  far  back.  When 
several  shafts  are  thus  situated,  the  levels  extending  &om  one  will  run  into  those 
extending  from  another,  so  that  the  different  levels  will  thus  have  the  advantage  of 
more  than  one  outlet.  Several  shafts  are  sometimes  simk  when  the  mine  is  very  deep, 
and  the  underlie  considerable,  not  in  the  direction  of  the  lode,  but  in  that  of  the 
miderlie,  so  as  to  -perfon.te  the  body  of  the  lode  at  different  points.  These  are  mainly 
intended  to  facilitate  operations  in  the  lower  levels,  which  would  otherwise  be  too  fiur 
removed  from  the  outlets  of  the  mine.  When  the  mine  is  deep,  and  the  shafts  are  &x 
i^art,  the  levels  are  here  and  there  connected  with  each  other  by  what  are  called 
**  winzes."  A  winze  is  a  cutting  extending  from  one  level  to  another,  and  when  per- 
pendicnlar,  which  is  not  always  the  case,  is  just  like  the  section  of  a  shaft  extending 
between  level  and  level.  This  has  the  double  object  of  facilitating  the  communication 
between  the  different  levels,  and  of  improving  the  ventilation  of  the  mine.  Some- 
times, despite  the  presence  of  numerous  winzes,  the  circulation  of  air  is  so  imperfect 
in  a  mine,  that  boys  are  employed  below  in  working  machines  which  increase  the 
ootrent. 

Adit  Iierel. — The  description  of  the  internal  economy  of  a  mine  would  be  incom- 
plete without  an  allusion  to  what  is  known  as  the  adit  leveL  This  is  constructed  in 
mines  which  are  situated  on  the  side  of  a  declivity,  and  its  chief 'object  is  to  prevent  the 
necessity  of  having  to  raise  the  water  pumped  from  the  mine  to  the  very  top  of  the 
shaft.  The  adit  level  may  be  the  first,  second,  or  third  level  of  a  mine,  counting  from 
the  top,  the  depth  at  which  it  is  run  depending  pertly  upon  the  depth  of  the  valley 
upon  which  it  opens,  and  partly  upon  the  nature  of  the  portion  of  the  mine  above  it, 
as  to  whether  it  is  wet  or  dry.  Thus,  if  a  mine  is  situated  on  the  side  of  a  valley,  and 
the  shaft  is  sunk  about  one  hundred  feet  above  (he  lowest  level  of  the  valley  near  the 
mine,  the  adit  level  may  be  run  out  into  the  vaUey,  about  ninety  or  a  hundred  feet 
down.  Through  this  the  water  will  escape,  and  the  expense  of  raising  it  to  the  top 
will  be  saved.    The  adit  level  is  also  useful  as  an  auxiliary  to  ventilation. 

These  observations  apply  equally  to  copper,  lead,  and  tin  mines ;  and  everything 
here  described  is  necessary  to  be  done  before  the  mine  is  in  working  order.  And  all 
this  is  exclusively  the  work  of  the  tutmen.  It  does  not  necessarily  follow  that  ore  has 
been  raised  during  the  operations,  although  considerable  quantities  are  sometimes 
brouf^  to  the  surface  in  sinking  the  shafts  and  running  the  levels.  It  is  not  until 
these  are  completed  that  the  real  work  of  mining  begins.  The  levels  are  then  taken 
possession  of  by  those  whose  business  it  is  to  produce  the  ore.  When  the  lode  is  vezy 
lieh,  the  tutmen,  as  already  explained,  are  engaged  to  work  it  at  so  much  per  fftthom. 
But  the  production  of  the  ore  is  generally  the  work  of  the  tribute  man,  who  is,  after  all, 
the  real  miner. 

Sotting  Pitcl&es.— From  the  explanation  here  given,  it  will  have  occurred  to  the 
reader,  that  between  every  two  levels  on  either  side  of  the  shaft  a  deep  belt  of  the  lode 
intervenes.  Thus,  between  the  surface  and  the  first  level  there  is  such  a  belt,  as  also 
between  the  first  and  second  levels,  &c.  That  between  the  first  level  and  the  surface 
is  seldom  worked  to  any  great  extent,  but  the  others  are  worked  according  to  their  rich- 
Bflss  and  quality.  These  intervening  belts  are,  in  the  language  of  the  miners,  .called 
**  pitches  f*  and  it  is  by  the  pitch  that  the  work  is  set. 

Each  mine  has  its  own  regular  setting  days ;  and  the  process  of  setting  ia  aa 
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follows : — At  the  proper  time  and  place  the  tributers  and  the  captains  of  the  mine  meet 
together.  It  should  here  be  mentioned  that  the  captains  are  inyariably  men  who  have 
risen  from  the  rank  of  miners.  It  is  their  duty  to  set  and  superintend  the  work—- to  do 
both  of  which  properly  they  must  frequently  descend  into  the  mine.  There  are  thiee 
or  more  of  them,  according  to  the  extent  of  the  mine,  and  one  or  more  of  them  are 
inyariably  below.  The  setting  is  a  species  of  auction — the  captains  being  the  auctioneers, 
the  miners  the  bidders,  and  the  pitches  the  subject-matter  of  the  transaction.  Since  the 
preyious  setting-day  more  pitches  may  haye  been  opened,  either  by  the  further  sinking 
of  the  shafts,  and  the  construction  of  additional  leyels,  or  by  the  extension  of  the  levels 
already  exiBting.  It  frequently  happens,  too,  that  pitches  already  partially  worked,  bat 
abandoned,  may  be  offered.  In  such  cases  they  may  be  taken  by  different  parties,  or  by  • 
the  same  parties  at  a  higher  rate.  Both  miners  and  captains  are  supposed  to  have  a 
knowledge  of  the  quality  of  the  pitches,  and  it  is  upon  this  knowledge  that  they  proceed 
to  business.  The  pitches  are  put  up,  one  after  another,  not  to  the  highest,  but  to  the 
lowest  bidder.  There  are  maps  of  each  mine;  and  the  pitches,  leyels,  shafts,  and 
winzes  are  all  as  well  known  to  the  parties  concerned  as  are  their  streets  to  the  denizens 
of  a  town.  Pitch  so-and-so  is  put  up,  and  the  bidding  commences.  The  offer,  on  the 
part  of  the  captains,  is  to  set  the  lode  to  the  party  that  will  work  it  for  the  smallest 
share  of  the  proceeds.  This  explains  the  position  of  the  tributer,  and  the  character  of 
his  work.  He  does  not  work  for  fixed  wages,  or  for  so  much  per  fathom,  but  becomes, 
quoad  the  portion  of  the  mine  which  ho  engages  to  work,  a  partner,  as  it  were,  in  itB 
profits  and  losses.  The  share,  in  consideration  of  which  he  will  work  a  pitch,  depends 
upon  his  belief  as  to  the  quality  of  the  lode  at  that  particular  point.  Thus,  he  will  ofSer 
to  work  a  rich  pitch  for  fiye  shillings  in  the  pound ;  that  is  to  say,  for  fiye  shillings  out 
of  eyery  pound's  worth  of  ore  which  he  may  raise  to  the  surface.  This  is  called 
his  tribute.  To  work  a  poor  pitch,  howeyer,  which  yields  but  little  ore  to  a  great  deal 
of  labour,  he  may  ask  as  high  as  thirteen  shillings  in  the  pound.  Sometimes  he  will 
work  at  a  lower  rate  than  fiye  shillings ;  but  when  the  ore  is  so  rich  as  to  tempt  him 
to  go  much  lower  than  that,  the  adyenturers  generally  giye  it  out  on  tut  by  the  fathom, 
retaining  all  the  produce  to  themselyes.  Between  four  shillings  and  thirteen  shillings 
in  the  pound  is  the  range  at  which  the  tribute  man  generally  works.  It  is  seldom  that 
there  is  any  indiscriminate  bidding,  or  any  great  scramble  at  the  settings.  Men  who 
haye  obtained  a  footing  in  the  mine  haye  generally  the  preference  oyer  strangers.  The 
captain  has  generally  his  price  for  each  pitch ;  and  if  it  is  a  new  setting  for  the  same 
pitch,  he  usually  offers  it  to  the  party  who  haye  already  worked  it.  If  they  take  it,  the 
matter  so  far  is  at  an  end ;  if  not,  it  is  then  put  up,  and  the  lowest  bidders,  before  a 
stone  which  is  thrown  up  falls  to  the  ground,  receiye  the  work. 

The  pitches  are  set  for  two  months  at  a  time — an  arrangement  adyantageous  to  all 
parties ;  for  if  the  tributers  find  a  pitch  poorer  than  they  anticipated,  they  are  not 
obliged  to  work  it  for  a  greater  length  of  time, — whereas,  if  it  turns  out  much  richer 
than  was  expected,  the  adyenturers  will  be  enabled,  at  the  end  of  that  period,  to  secure 
their  fair  share  of  the  produce.  The  tributers  haye  this  further  adyantage,  that  should 
they  find  the  pitch  yery  poor,  they  may  throw  it  up  at  the  end  of  a  month,  although 
they  haye  taken  it  for  two ;  and,  in  such  a  case,  it  may  be  reset  to  them  at  a  higher  rate. 

It  has  been  already  intimated  that,  in  setting  the  pitches  and  giying  out  tutwoik,  a 
preference  is  usually  giyen  to  those  who  haye  been  established  in  the  mine,  proyided 
they  are  disposed  to  take  the  work  at  or  near  the  captain's  price.  This  preference  has 
giyen  rise  to  the  practice  of  taking  **  farthing  pitches,"  as  they  are  sometimes  called; 
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that  is  to  fuiy,  taking  a  pitch  at  the  low  and  merely  nominal  tribute  of  a  farthing  in  the 
pound.  The  object  of  doing  so  is  simply  to  get  established  in  the  mine.  At  the  next 
setting  those  parties  will  be  on  the  same  footing  as  those  who  preceded  them  in  the 
mine.  But  adyantageous  as  this  appears  to  be  to  the  advonturerS)  it  is  not  in  reality 
80.  Beyond  getting  established  in  the  mine,  the  men  have  no  inducement  to  work — 
their  tribute  being  merely  nominal.  The  consequence  is,  that  they  waste  their  time, 
doing  little  or  no  work  whilst  below,  to  the  obyious  detriment  of  the  adventurers. 
This  is  now  so  clearly  seen,  that  in  most  mines  the  system  of  farthing  pitches  has  been 
discontinued ;  the  adyenturers  haying  been  all  the  more  inclined  to  depart  from  it, 
firom  tlie  umbrage  which  it  frequently  gave  to  those  who  had  been  long  in  their 
employment. 

When  a  pitch  is  set,  it  is  marked  down  in  the  books  of  the  mine  as  set  to  such  and 
loch  a  party.  Their  names  or  marks  are  all  subscribed  to  the  notification.  The  party 
Tuies  in  number,  according  to  the  nature  of  the  pitch,  and  the  quantity  of  labour  which 
will  have  to  be  expended  upon  it.  Sometimes  the  party  does  not  exceed  four ;  at  other 
times  it  consists  of  six  or  eight ;  and  occasionally  extends  to  twelye. 

Dveoslng  tlie  Oie.— The  share  of  the  tributer  is  determined  as  to  its  amount  by 
the  value  of  the  ore  when  ready  for  market.  He  has,  therefore,  not  only  to  extract  it 
from  the  lode,  but  also  to  prepare  it  for  market.  This  is  done  on  the  surface  by  those 
▼horn  he  employs  for  the  purpose.  At  every  mine  there  is  a  large  number  of  sui&oe 
▼Qxkers ;  amongst  whom  may  be  seen  some  men,  but  the  majority  of  whom  are  women 
and  boys.  They  constitute  from  one-fifth  to  one-fourth  of  the  whole  number  employed 
in  and  about  the  mine.  These  surface  workers  are  almost  all  in  the  pay  of  the  tributers 
or  underground  men.  It  is  their  business  to  take  the  ore  as  it  comes  from  the  shaft — 
to  have  it  stamped,  cleaned,  and  washed,  and  prepared  for  the  smelters.  The  larger 
masses  are  broken  with  hammers,  generally  by  women,  until  the  whole  pile  is  in  pieces 
about  the  size  of  a  large  egg.  If  the  ore  is  very  rich,  it  is  then  carried  to  the  rollers, 
between  which  it  is  crushed.  It  is  then  ready  for  market.  This  applies  only  to  the 
copper  ore,  which  is  considered  good  if  it  has  from  ten  to  fifteen  per  cent,  of  metal  in 
it  The  preparation  of  the  tin  ore  is  very  different.  It  often  comes  to  the  surface  with 
no  more  than  six  per  cent,  of  metal  in  it ;  but  before  it  is  ready  for  market,  and  in  a 
state  fit  to  be  received  by  the  smelters,  it  has  to  be  '*  worked  up  "  imtil  it  contains 
seventy-five  p^  cent,  of  metal — in  other  words,  the  great  bulk  of  the  dross  must  be  got 
lid  of.  The  ore  is  first  taken  to  the  stamps.  These  have  been  already  described.*  As 
the  cmshed  ore  passes  from  the  stamper  it  is  carried  by  the  water  to  beds,  which  slightly 
decline  towards  one  end.  The  best  part  of  the  ore  sinks  immediately  at  the  upper  end 
of  these  beds,  the  dross  not  sinking  until  it  reaches  the  lower  end.  This  dross,  still 
oontaining  some  metal,  is  again  washed,  by  being  divided  into  other  beds  similarly 
situated,  and  the  process  is  resumed  until  little  but  dross  remains.  In  this  way  the  tin 
ore  is  worked  up  to  the  requisite  quality  of  seventy-five  per  cent.  When  the  copper 
ore  is  not  very  rich,  it  also  is  put  under  stamps,  and  undergoes  the  process  of  washing. 
There  are  other  operations,  such  as  '' jigging,"  &c.,  all  haying  in  view  the  preparation 
of  the  ore  for  market.  It  is  when  sold,  after  it  has  been  so  prepared,  that  the  tributcr's 
earnings  are  determined ;  in  ascertaining  the  net  amount  of  which  he  has,  of  course,  to 
deduct  the  wages  of  those  employed  by  him  on  the  surfeu^e  for  the  preparation  of  the 
ore.  Nor  is  this  the  only  deduction  which  has  to  be  made,  as  will  be  presently  seen. 
The  tin  ore  is  not  thus  prepared  at  his  cost — ^being  generally  bought  of  him  at  the  top 

*  See  page  257. 
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of  the  shaft — ^the  adventuroTB  working  it  up  to  the  requisite  point.    Before  considering 
the  miner's  wages,  it  will  be  as  well  to  see  him  at  work. 

Underground  Work.— Mines  are  not  all  equally  wet ;  but  no  one  can  expect  to 
penetrate  very  far  into  a  mine  and  emerge  dry  irom  it.  We  have,  therefore,  to  go  to 
the  ^*  shifting-room,"  and  attire  ourselres  in  a  miner's  garb.  It  consists  of  a  suit  of 
thick  flannel,  with  a  stout  coat  oyer  it,  heavy  shoes  for  the  feet,  and  a  hat  generally 
made  strong  enough  to  "  bear  a  good  knock."  We  must  also  provide  ourselves  each 
with  a  candle.  The  candle  is  stuck  into  a  piece  of  day,  which  again  is  stuck  upon  the 
hat,  which  is  of  the  '*  wide-awake  "  shape.  Thus  equipped,  we  descend  the  laddeis. 
As  wc  approach  the  shaft,  we  perceive  a  steam  rising  from  it.  This,  we  ore  infinmed, 
is  the  breath  of  the  men  at  work  below.  The  very  mine  itself  seems  to  breathe.  There 
are,  at  least,  six  hundred  men  at  woik  beneath  our  feet,  at  various  depths,  some  one 
hundred,  some  five  hundred,  and  others  sixteen  hundred  feet.  The  ladder  is  wy 
narrow,  with  iron  bars,  and  is  well  nigh  perpendicular.  The  bars  are  moist  and  greasy, 
from  the  men  passing  up  and  down,  which  makes  us  cling  all  the  more  firmly,  oon- 
sidcring  the  unknown  depth  of  the  shaft,  and  the  almost  perpendicular  position  of  our 
means  of  descent.  We  bid  adieu  to  daylight  almost  by  the  time  we  have  reached  the 
first  level.  There  is  no  one  at  work  in  it,  so  we  descend  to  the  second.  We  pass  it, 
and  several  others,  until  at  length  we  reach  the  seventh  level.  We  are  then  about  fonr 
hundred  feet  under  ground— a  sufficient  depth  to  bury  St.  Paul's.  We  take  the  lerd 
to  our  right,  and  pursue  it  until  we  reach  the  men  at  their  work.  There  is  a  tramroad 
along  the  level  for  '^  running  the  stuff"  to  the  shaft,  so  that  it  can  be  raised  to  Hie 
surface.  In  some  of  the  smaller  mines  this  is  done  by  boys  with  wheelbarrows,  which 
with  the  exception  of  working  the  ventilating  machines,  is  the  only  purpose  to  whidi 
boys  arc  put  below.  We  proceed  about  one  hundred  feet  in  a  horizontal  course,  when 
we  come  upon  the  miners.  When  they  take  a  pitch,  they  generally  work  it  up,  not 
down — that  is  to  say,  the  men  working  frt>m  the  seventh  level  work  up  towards  the 
sixth,  not  down  towards  the  eighth.  Their  object  is  to  follow  the  lode,  and  extract  the 
ore  from  it,  disturbing  as  little  of  the  non-metallic  ground  as  possible.  When  the  kde 
is  wide  enough,  they  work  nothing  but  the  lode,  leaving  the  matter  on  either  side 
imtouched.  A  miner  will  thus  work  in  a  lode  only  eighteen  inches  wide ;  but  if  it  is 
narrower  than  that,  he  has  to  clear  away  some  of  the  "  country  "—which  is,  removiig 
a  sufficient  quantity  of  the  granite,  slate,  stone,  or  other  substance  which  may  envelop 
the  lode,  to  enable  him  to  follow  it.  Those  upon  whom  we  have  come  are  engaged  at 
this  work,  lliey  are  preparing  to  clear  away  the  granite  by  blasting  it.  The  hole  for 
the  powder  is  made  with  a  "  borer,"  held  by  one  whilst  the  other  strikes  it  with  a  large 
sledge-hammer.  The  latter  is  in  a  state  of  profuse  perspiration,  whilst  the  othef  is 
shivering  with  cold.  They  are  both  completely  wet — as,  indeed,  we  are  ourselves. 
The  man  with  the  hammer  has  nothing  on  but  his  flannel  trousers.  The  beatings  of 
his  heart,  which  are  quick  and  strong,  strike  painfully  upon  the  ear.  He  seems  to  be 
galloping  through  life — and  so  he  is ;  for  the  miner  is  generally  but  a  short  liver.  We 
leave  this  part  of  the  level,  and  take  that  on  the  other  side  of  the  shaft,  which  we  foDow 
for  a  considerable  distance,  until  we  come  to  a  hole,  through  which  we  have  to  crawl 
on  all  fours.  We  then  find  ourselves  at  the  bottom  of  a  winze,  which  we  pass,  and 
pursue  the  level.  The  men  have  worked  up  for  a  considerable  distance,  making  stages 
for  themselves  as  they  rise  into  the  lode.  The  ore  is  carefully  separated  from  the  stu£^ 
and  is  carried  over  the  tramway  to  the  shaft.  Such  is  the  merest  outline  of  the  woik 
which  thr.  mine  exhibits.    Space  will  not  permit  us  to  go  into  details  here.    We  retam 
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again  to  the  surfiioe.  But  to  dimb  a  series  of  perpendiciilar  ladders,  reaching  as  high 
aa  St.  Paul's,  is  no  joke.  We  take  about  half  an  hour  to  do  it,  resting  at  the  different 
fefda  as  we  ascend.  Wo  arrive  at  the  top  utterly  exhausted,  and  thankful  that  we 
have  emerged  again  into  daylight.* 

Such  is  the  position,  and  such  are  the  circumstances  of  the  miners  when  at  work. 
They  generally  relieve  each  other  every  eight  hours,  each  gang  working  eight  hours 
out  of  the  twenty  four.  Their  tools  are  chiefly  the  sledge,  the  borer,  and  the  pick, 
with  the  last  of  which  they  remove  the  dislodged  granite,  and  other  stuff,  which  does  not 
require  blasting.  At  one  of  the  mines  near  Bedruth  the  tributers  have  done  work  in 
the  three  hundred  fathom  level — ^that  is  to  say,  one  thousand  eight  hundred  feet  below 
the  Buriace.  Their  engagement  is  to  be  on  the  ladders  by  six  in  the  morning,  and 
emerge  firom  the  mine  about  five  in  the  afternoon.  Nearly  two  hours  are  spent  in 
deaoending  and  ascending  the  ladders.  With  the  exception  of  the  Sundays,  the  life  of 
these  poor  fellows  is  one  perpetual  night.  The  temperature  is  often  so  high  in  the 
level  that  the  men  all  work  naked,  ascending,  every  hour  or  so,  to  several  fathoms 
above  them,  to  dip  themselves  in  some  pools,  which  are  comparatively  cooL  But 
liie  tributers  look  with  as  great  contempt  upon  the  tutmen,  as  the  tutmen  do  upon  the 
snrfSace  labourers.  Indeed,  a  tributer  will  be  on  the  point  of  starvation  before  he  will 
take  tut-work.  Some  mines  employ  upwards  of  a  thousand  people ;  others  much  leas. 
The  Caradon,  and  other  mines  which  some  years  ago  sprang  up  in  the  neighbouihood 
of  Lidceard,  afford  subsistence  to  about  ten  thousand  people,  including  the  miners  and 
their  families. 

lUiMis'  Wages.—The  wages,  or  earnings,  are  paid  once  a  month ;  but,  to  keep 
Uie  miners  and  their  fEunilies  going,  a  portion  is  paid  on  account  once  a  fortnight. 
This  18  called  their  ^'  subsist,"  or,  more  commonly,  ^'  stist."  This  is  objected  to  by 
aoaie,  as  tending  to  make  men  lazy.  Where  the  farthing-pitch  system  is  in  vog^e,  it 
works  very  badly.  In  such  case  the  men  are  not  entitled  to  anything  till  the  end  of 
liw  fiift  two  months ;  and  they  do  not  get  their  subsist  until  a  fortnight  before  the  day 
on  which  they  are  entitled  to  their  earnings.  The  consequence  is,  that  they  work  for 
■X  weeks  without  receiving  anything.  They  are  thus  driven,  by  their  circumstances, 
to  go  into  debt  with  the  retail  dealers  for  the  necessaries  of  life.  Once  in  debt,  it  is 
vary  difficult  for  them  to  get  out  of  it,  and  reckless  habits  frequently  supervene. 

Biminage.— In  this  account  of  mining  little  notice  is  taken  of  the  very  important 
opeoratum  of  draining  the  mine,  which  is  not  to  be  managed,  as  in  coal  mining,  by  a 
tystem  of  tabbing,  because  the  working  of  mineral  veins  is  a  very  different  matter  from 
that  of  removing  a  coal  scam.  In  early  operations,  the  means  of  removing  water  were 
fionfiBed  to  buckets ;  and  in  Cornish  mines,  the  first  improvement  in  drainage  was  by 
the  pump  called  the  ^^  rag  and  chain,"  so  named  from  a  quantity  of  rags  or  skins,  at 
intervals,  bound  up  to  the  size  of  the  pump,  on  a  chain  or  rope,  revolving  round  a 
eylinder,  worked  by  hand  or  water-wheel  at  the  surface,  which,  passing  through  the 
pomp,  forced  the  water  up  before  it.  The  next  improvement  was  the  common  bucket 
or  lifting  pump.  As  long  as  the  notion  prevailed  that  the  principle  that  water  could 
not  be  raised  more  than  thirty-three  feet  was  applicable  to  a  pump  whose  bottom  was 
iathe  water,  each  lift  of  pumps  was  confined  to  thirty  feet;  so  that  in  a  mine  sixty 
fUhoms  deep,  it  would  require  twelve  lifts  of  pumps,  the  lower  ones  supplying  the  upper 
by  means  of  datems  attached  to  each  lift.    This  method  was  called  '^  shunmeling," 

*  TUb  aocount  of  mining  operations  was  published  some  years  ago  in  the  **  Mining  Jonrnal," 
aad  is  sofficiently  grapbie  and  aocnrate,  in  respect  to  Gomwall,  to  Jostify  re-pubUcation. 
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and  the  pumping  gear  the  "  shammel  engine."  It  was  long  considered  tlie  ne  plus  uUra 
of  perfection,  notwithstanding  it  was  found  very  troublesome  and  inconyenient,  hy 
filling  the  shaft  with  pumps  and  pump  rods.  This  was  the  cause  of  much  complicatioa 
and  consequent  weakness,  and  it  could  only  be  applied  where  the  quantity  to  be  pumped 
was  moderate,  and  did  not  require  any  rapidity  of  motion  in  the  pump  gear.  Tim 
defect  was  severely  felt  in  constant  breakages  and  great  friction  in  working  so  many 
buckets.  These  disadvantages  suggested  the  lengthening  of  the  lift  of  pumps,  and 
drawing  the  water  to  the  surface  by  the  power  of  the  water-wheel,  in  addition  to  the 
pressure  of  the  atmosphere.  It  was  soon  found  that  water  could  be  raised  thiily 
fathoms  with  as  much  facility  as  thirty  feet,  with  less  wear  and  tear. 

The  next  and  last  improvement  in  drainage  was  the  ^^  plunger"  or  force  pump,  by 
which  the  weight  of  the  pump-rods  and  the  piston,  working  in  a  cylinder  at  the  bottom 
of  the  mine,  was  applied  to  force  the  water  up  through  a  column  of  pumps  to  any  height 
required.  It  has  been  found  inconvenient  to  attempt  any  greater  length,  of  lifts  than 
thirty  fathoms,  or  one  hundred  and  eighty  feet.  The  miners  are  rather  fanciful  in 
T^iiTning  the  lifts  of  pumps ;  the  upper  one,  which  discharges  the  water  at  the  surface, 
is  called  the  *Hye;"  the  others,  in  the  order  of  succession,  are  the  ''rose,"  the 
"  crown,"  the  "  lily,"  the  "  violet,"  and  so  on,  the  lowest  being  the  "  poppy."  These 
improvements  required,  from  the  increase  of  the  pressure  of  water,  that  the  strength  of 
the  pumps  should  be  increased ;  the  wood  pumps  were  replaced  by  iron,  and,  where 
the  corrosive  nature  of  the  water'  required  it,  brass  pumps,  or  iron  pumps  lined  with 
brass,  were  used. 

Within  the  last  half  century,  there  waa  not  a  mine  in  Cornwall  one  hundred  fSaithoiDS 
deep.  The  Consolidated  Mines,  at  Gwennap,  at  that  time  consisted  of  small  mines  filled 
with  water.  The  steam-engine,  and  an  outlay  of  some  £60,000  or  £70,000,  hs8 
enabled  the  workings  to  be  continued  to  a  depth  of  upwards  of  three  hundred  feithoinf, 
or  eighteen  hundred  feet,  under  the  hill,  the  perpendicular  shaft  being  nearly  fifteen 
hundred  feet  deep.  The  weight  of  the  pump-rods,  which  have  to  be  lifted  eveiy  tune 
the  pump-buckets  require  gearing,  is  little  short  of  one  hundred  and  fifty  tons. 

Ufting.— With  the  increased  facilities  of  drainage,  corresponding  improyemenbi 
were  required  for  raising  the  produce  of  the  mines  to  the  surface ;  the  bucket  raised  by 
manual  labour  was  succeeded  by  the  kibble  drawn  up  by  the  winch — a  rope  or  tai^ 
wound  roimd  a  wood  cylinder  by  an  iron  handle ;  then  came  the  "  whim,"  worked  by 
horses,  which  has  continued  in  use,  with  various  improvements,  up  to  the  present  time; 
it  is,  however,  superseded  in  large  mines  by  drawing  machines,  worked  either  by 
steam  or  horse-power. 

The  '^  whim  "  is  said  to  have  been  the  invention  of  a  working  miner,  who,  being  in 
a  studious  mood,  was  asked  by  his  comrade  what  was  the  matter,  and  replied  he  had  a 
whim  in  his  head,  and  his  invention  was  so  called  accordingly. 

BlastiBg.— On  the  introduction  of  g^unpowder  for  blasting  the  rocks,  the  rnvntr 
was  subject  to  continual  danger  from  premature  explosions.  The  hole  in  the  xoekf 
when  bored  sufficiently  deep,  had  the  powder  placed  in  the  bottom ;  an  iron  rod,  or 
needle,  was  then  inserted,  and  the  hole  filled  up  with  sand  or  clay,  rammed  in  ^lito 
tight ;  the  needle  was  then  withdrawn,  and  a  rush  inserted.  This,  when  ignited, 
burned  gradually  down  to  the  powder,  allowing  sufficient  time  for  the  miner  to  reaob 
a  place  of  safety.  The  iron  needle  at  times,  when  struck  with  the  mallet,  would  gife 
a  spark  of  fire  which  ignited  the  powder,  and  serious  accidents  were  caused  thereby. 
About  thirty  years  since  a  copper  needle  was  substituted ;  but  such  was  the  force  of 
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habit,  and  the  iron  being  cheaper  than  the  copper,  that  it  was  only  by  in^cting 
fines  on  the  men  that  the  use  of  iron  was  discontinued.  The  copper  needle  was 
mperseded,  about  seventeen  years'  since,. by  the  inyention  of  the  safety  fuse— being  a 
small  hemp  cylinder,  well  saturated  with  tar,  and  filled  with  powder ,  this  is  now  in 
general  use. 

TlclLetiiig  D»y«.— The  "  ticketing,"  or  weekly  sales  of  ore,  form  a  curious  feature 
in  mining.  The  copper  ore,  on  being  raised  from  the  mines  and  dressed,  is  put  into  heaps 
of  seyeral  tons,  and  is  well  mixed ;  and  a  sampler,  on  an  appointed  day,  fixes  on  a  third 
or  fourth  of  the  dole.  The  parcel  is  diyided  into  six  doles,  two  of  which  are  cut  in  half, 
and  a  slice  taken  off  the  sides  by  a  shoyel.  After  subdividing  and  mixing  this,  a  suffi- 
cient quantity  is  put  into  a  bag  by  each  sampler ;  and  this  is  taken  as  the  sample  of  the 
whole.  These  are  carried  to  the  different  assay  offices,  where  the  ore  is  pulverized,  and 
an  ounce  (troy)  assayed  in  a  crucible,  with  proper  fluxes ;  and  a  bead,  or  prill  of  copper, 
is.  found  among  the  scoria.  If  an  ounce  of  ore  yield  one  pennyweight  of  copper,  the 
produce  of  that  ore  will  be  one  in  twenty,  or  five  per  cent.,  and  so  on.  The  "  standard" 
of  copper  is  the  term  given  by  the  smelter  to  denote  the  price  of  a  ton  of  metal  in  the  ore, 
from  which  standard  he  deducts  a  certain  price  for  every  ton  of  ore,  or  as  many  as  may 
be  required,  according  to  its  produce,  to  give  a  ton  of  copper,  which  sum  is  considered 
by  the  smelter  as  an  equivalent  for  the  returning  charge,  or  expense  of  reducing  the  ore 
to  a  merchantable  state.  The  returning  charge  is  a  fixed  one,  being  the  same  for  poor 
ores  as  for  rich  ones ;  but,  inasmuch  as  it  costs  the  smelter  more  to  convert  a  ton  of  rich 
ore  than  a  ton  of  poor,  the  standard  varies  with  the  produce,  so  as  to  equalize  the  matter 
—hence  poor  ores  fetch  a  high  standard,  and  rich  ores  obtain  only  a  low  one, 
because,  in  the  former  case,  the  returning  charge  more  than  covers  the  cost,  and  in 
the  latter  is  not  supposed  to  equal  it. 

A  fortnight's  interval  takes  place  between  the  assay  and  the  ticketing,  during 
which  time  the  agents  receive  answers  from  their  principals  as  to  the  price  to  be 
offered.  Before  dinner,  tickets,  containing  offers  from  the  different  copper  com- 
panies, founded  on  these  assays,  are  produced,  and  the  highest  is  the  purchaser. 

Lead  Ore  Dressing. — ^The  processes  adopted  in  preparing  lead  ores  for  the 
market  are  not  greatly  different  from  those  above  described,  and  the  mining  princi- 
ples involved  are  of  course  the  same;  although,  owing  to  the  fact  that  the  veins 
are  chiefly  in  hard  limestone  and  gritstone  instead  of  shale  and  granite,  there  is  a 
certain  amount  of  modification  in  details.  We  may  conclude  this  account  with  a 
notice  of  the  preparation  of  lead  in  the  great  mines  of  Allenheads,  in  Northumber- 
land, under  the  management  of  Mr.  T.  Sopwith.*     The  lead  raised  in  these  mines 

*  In  a  thickness  of  about  two  thousand  feet  of  the  altematingr  beds  of  sandstone,  clay,  and  lime- 
aiooe,  which  form  the  strata  of  the  mining  districts  of  Allendale,  Alston,  and  Weardale,  there  is  one 
dngle  stratom  of  limestone  called  the  "  great  limestone,"  the  veins  in  which  have  produced  nearly, 
if  not  qnice,  as  much  ore  as  all  the  other  strata  put  together.  Its  thickness— which  is  tolerably 
Uliform  over  several  hundred  square  mUes  of  country— is  about  sixty  feet.  In  a  great  thickness  of 
strata  above  the  great  limestone,  only  two  beds  of  that  rock  are  found.  One  of  these  is  called  **  little 
BiMstoae;"  it  is  from  ten  to  twelve  feet  thick,  and  is  seventy-flve  feet  above  the  top  of  great  lime- 
gtone.  The  other  is  still  more  inconsiderable,  being  only  three  or  four  feet  thick,  and  is  four 
hnadred  and  forty  feet  above  the  great  limestone.  Beneath  the  great  limestone  are  several  beds  of 
the  same  description  of  rock,  viz.,  at  distances  respectively  of  thirty,  one  hundred  and  six,  one 
hmidred  and  ninety,  two  hundred  and  fifty,  and  two  hundred  and  eighty-seven  feet ;  and  the  thick- 
Bess  two,  twenty-four,  ten,  fifteen,  and  thirty-five  feet.  These  are  known  by  descriptive  local  names, 
and  comprise  all  that  are  of  significance  as  regards  lead-mining  operations. 
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amounts  to  about  one-fourth  part  of  the  whole  quantity  raised  in  England,  and 
one-tenth  that  of  the  whole  of  Europe. 

The  produce  of  the  mineral  yeins  varies  from  pure  galena  to  masses  of  rock  in  i^ar, 
in  which  the  ore  is  so  thinly  disseminated  as  not  to  repay  the  tnnible  of  extraction; 
and  the  process  of  preparing  and  dressing,  after  the  extraction  of  the  ore  from  its  place 
in  the  mine,  consists  of  the  pure  samples  of  ore  being  picked  out,  washed  and  sized, 
ready  for  being  smelted  at  once,  without  further  operations — ^and  also  of  the  poorer 
samples  being  washed  and  separated  by  an  iron  grate  or  sieve  into  two  sizes,  fhe  larger 
having  to  be  ground  between  rollers  to  reduce  it  to  the  same  size  as  the  smaller,  whiflh 
had  passed  the  grate.  When  reduced  to  this  stage,  the  whole  is  ready  for  an  openk 
tion  called  **  botching."  Tbis  consists  in  placing  the  ore  in  a  tub  with  water-^the 
bottom  of  which  tub  is  a  sieve — and  subjecting  the  whole  to  a  rapid  vibratorj  vertiflal 
movement,  or  shaking,  by  which  a  separation  of  the  ore  takes  place.  The  water  loikr 
lessens  the  weight  as  greatly  to  facilitate  the  downward  movement  of  the  ore,  which  of 
course  is  much  heavier  than  the  spar  and  other  materials  connected  with  it.  The 
vibratory  movement  is  sometimes  given  by  manual  labour :  a  long  arm,  moving  with  a 
spring,  is  jei^ed  up  and  down  by  a  strong  lad  jumping  on  a  raised  stand,  so  as  to  pro- 
duce the'  required  motion.  The  same  results  may  be  obtained  by  machinery.  The 
ere  beiog  thus  prepared  and  acted  on,  the  uppermost  part  is  entirely  waste  or  reloae^ 
and  that  at  the  bottom  of  the  tub  consists  of  ore  ready  for  smelting.  That  whieh 
passes  through  the  sieve  requires  clearing  from  foreign  substances  and  dressing,  in  a 
contrivance  called  a  huddle,  which  is  not  unlike  the  hotching  tub  above  described. 

In  aU  operations  where  a  stream  of  running  water  is  employed  to  wash  lead  orefl) 
it  is  obvious  that  many  of  the  smaller  particles  will  be  carried  away  with  the  atxeam. 
These  particles  are  allowed  to  settle  by  their  specific  gravity  in  what  are  called  dime- 
pits,  being  merely  reservoirs  in  which  the  water  passes  over  a  long  space  with  a  very 
tranquil  movement. 

It  is  not  intended  here  to  describe  in  detail  the  methods  of  dressing  and  preparing 
the  ore  for  each  different  metal,  or  to  mention  the  peculiarities  appertaining  to  the  onei 
themselves.  These  are  matters  belonging  to  the  practice  of  metallurgy,  and  would 
involve  an  extension  of  the  present  work  beyond  its  proper  limits.  They  may,  howe?8ii!| 
be  found  elsewhere  described,  by  those  who  require  this  kind  of  technical  inforrnation.  * 

Practical  Uses  of  Oeology.^In  concluding  this  part  of  our  subject — a  depart- 
ment of  scienoe  worthy  of  every  attention,  and  not  to  be  mastered  without  much  eaze- 
fbl  study— we  may  with  propriety  refier  once  more  to  the  advantage  of  gedogkal 
pursuits  generally,  but  more  espedally  in  this  matter  of  mining,  and  other  practical 
applications  already  described. 

It  occurs,  as  a  matter  of  fact  concerning  the  distribution  of  mineral  substances  in 
the  earth,  that  materials  of  whatever  value  are  rarely  so  distinctly  presented,  or  so 
readily  available,  that  we  can  be  sure  of  finding  them  at  once  and  without  socgk 
Those  vast  quarries  of  building  stone,  slate,  and  marble — those  mines  of  coal  and  iron, 
which  astonish  us  by  the  infinite  complication  and  the  extent  of  their  workings,  an 
rarely  indicated  at  the  surface  by  anything  more  definite  than  some  general  peculiarity 

The  AUeabeMb  mines  being  situated  for  the  most  part  at  depths  from  the  surfiaoe  varying  firan 
two  hundred  to  six  hundred  feet,  are  drained  partly  by  ordinary  water-vheel^  and  partly  hy  new 
hydraulie  enginee  invented  by  Mr.  W.  G.  Armstrong. 

*  An  aooouat  of  stamps,  enuhers,  and  jigging  maehinfls  has  already  been  given  in  oar  aoeoBBt 
of  gold  washing  and  orushiBg*    Set  paga  257. 
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by  no  means  always  important.  Sometimes,  indeed,  the  discovery  of  such  hidden 
treasures  has  been  the  work  of  accident ;  but  although  accident  may  lay  them  bare,  it 
cannot  render  them  useful.  A  multitude  of  examples  might  with  great  ease  be  cited, 
in  which  substances  of  great  yalue  hare  lain  unnoticed  and  despised  for  years,  until 
gome  one  has  appeared  who  had  knowledge  as  well  as  observation.  Then  the  value 
appears,  and  the  world  is  astonished  that  no  one  made  the  useful  discovery  before.  In 
hcij  however,  the  cause  of  the  non-discovery  was  very  simple,  as  it  generally  is,  and 
had  its  foiindation  in  ignorana.  In  all  cases  in  nature,  but  especially  in  such  as  those 
we  have  been  oonsidering,  an  acquaintance  with  nature— with  her  laws,  her  operations, 
and  her  history— is  directly  useful ;  and  it  is  and  must  be  so  to  every  man,  whatever 
his  bnainess  is.  Varied  as  the  operations  and  appearances  in  nature  may  bo,  they  are 
all  conolusions  derived  from  the  action  of  a  very  few  great  and  universal  laws.  There 
IS  nothing  truly  arbitrary,  and  combinations  of  similar  causes  always  produce  similar 
effidots.  But  if  this  is  the  case — and  the  more  we  study  nature,  the  more  truly  we  find 
it  to  be  80— how  much  does  it  not  add  to  the  dignity,  as  well  as  the  usefulness  of 
■cienee— for  science  is  nothing  more  than  this  knowledge  of  nature  and  a  familiarity  with 
the  operations  of  nature's  laws.  Every  one  who  observes  nature  honestly  and  care- 
fiilly — who  makes  himself  acquainted  with  what  otheis,  working  in  the  same  field, 
have  done — who  thinks  and  reflects  on  what  he  sees — and  who  endeavours  to  draw 
conclusions  without  giving  his  prejudices  undue  weight — cannot  fail  to  derive  from 
tins  habit  of  availing  himself  of  opportunities,  some  great  advantages  which  will  place 
him  in  a  better  position  than  his  less  informed  neighbour  or  competitors.  In  this  way, 
all  science  is  immediately  and  practically  available ;  but  of  all  departments,  few,  per- 
haps, are  more  directly  so  than  geology.  As  there  are  none  either  amongst  the  agri- 
culturists or  manufacturers  who  can  dispense  with  the  materials  existing  aroimd  them, 
and  only  modified  by  them ;  as  aU  deal  with  the  earth's  surface,  or  with  seme  of  the 
sobstanoee  obtained  £rom  beneath  it;  so  we  may  be  assured  that  aU  will  be  benefited  by 
some  knowledge  or  other  of  its  nature  and  history.  It  is  not  only  the  miner  uid  the 
quanyman  to  whom  a  knowledge  of  geology  is  useful ;  it  is  equally  necessary  to  the 
engineer  and  the  architect,  and  perhaps  still  more  so  to  the  farmer ;  while,  in  not  a 
Ufw  cases,  the  political  economist  and  the  legislator  find  it  necessary  to  call  in  the 
assistance  of  him  who,  in  studying  the  earth's  structure,  learns  the  nature  of  those 
laws  which  have  governed  its  formation,  and  can  foresee  consequences  which  must 
result  from  the  neglect  of  obedience  to  them.  In  this  way  it  is  that  practical  geology, 
which  a  few  years  ago  was  hardly  known,  except  as  forming  part  of  the  knowledge  of 
lome  few  engineers  and  miners,  is  now  not  only  recognised,  but  has  become  of  the  most 
vital  importance.  The  practical  geologist  is  now  caUod  in  to  assist  the  engineer,  the 
agriculturist  and  the  miner,  to  give  an  opinion  as  to  the  value  of  property,  and  to 
decide  points  on  which  the  health,  wealth,  and  future  prospects  of  large  populations 
depend. 

But  although  geology  is  now  a  profession  requiring  early  study  and  long  experience, 
it  is  by  no  means  necessary  to  devote  a  lifetime  to  theoretical  pursuits  in  order  to  observe 
facts  and  obtain  useful  results ;  and  we  may  safely  say  that  tiiere  is  not  one  intelligent, 
thinking  man,  having  the  ordinary  means  of  obtaining  and  dispensing  information,  who  is 
not  in  a  position  to  directly  advance  the  interests  of  science  by  his  own  efforts,  and  avail 
himself  of  the  mass  of  scientific  lore  that  has  been  accumulated  by  his  fellow  men. 
But  this  must  bo  properly  understood.  It  is  not,  on  the  one  hand,  the  man  who  believes 
and  is  astonished  at  everything  put  before  him ;  nor  is  it,  on  the  other,  he  who 
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begins  by  doubting  eyerything  except  the  whims  of  his  own  fiincy  and  imagination ; 
nor  is  it  he  who  begins  with  prejudices,  and  will  not  listen  to  any  one  who  throws 
doubt  on  his  preconceived  notions, — who  can  be  in  this  way  uBefiil,  or  can  be 
benefited  by  the  advance  of  science.  All  these  are  men  who  retard  pfrogress,  and 
*  remain  to  the  end  of  their  lives  as  ignorant  as  they  started.  On  the  contrary,  he  who 
begins  by  doubting  and  questioning  his  own  first  impressions,  his  preconoeiTod  notions, 
and  his  natural  prejudices,  and  who  is  contented  to  learn  and  labour,  and  ponder  on 
what  he  learns  and  sees ;  he  who  advances  £rom  fact  to  £EU!t,  knitting  them  all  together 
into  one  firm  and  compact  web ;  who  lets  nothing  escape  his  observatiosi,  and  admxts 
nothing  into  his  storehouse  which  he  does  not  know  to  be  genuine,~it  ia  anoh  a  one 
who  is  really  a  valuable  man  in  science.  Such  men,  like  Davy  in  chemistry,  like  Watt  in 
mechanics,  and  like  a  host  of  other  brilliant  examples  of  the  nobility  of  natazey—sudi  men 
rise  from  time  to  time  from  the  ranks  in  which  we  all  commence  our  work— fhey  xiae  firan 
the  only  natural  level — that  of  utter  ignorance — to  a  higher  and  higher  poaitifla  in 
science  and  in  society — they  first  attain  their  level  among  Ihe  multitude  who  are 
advancing  and  rising  around  them,  and  they  stand  forth  at  last  amongst  the  hig^iest, 
the  best,  and  the  most  useful  of  their  race— examples  of  what  honesty,  tmth,  and 
energy  can  do  when  combined  with  high  intellect  and  genius.  None  rise  to  these 
heights  without  truth  and  energy,  for  they  are  as  necessary  as  genius  itself;  and  by  the 
advances  thus  made  science  continually  progresses.  By  taking  hia  share  in  the 
observation  and  reflection,  as  well  as  the  work,  each  person  may  in  his  turn  and  in  his 
place  become  a  contributor  to  that  vast  mass  of  knowledge  which  is  being  treasured  np 
on  every  side.  Numbers  are  at  work  upon  this.  Day  aiter  day  the  treasure  is  larger, 
and  the  value  greater.  Some  work  with  their  hands,  others  arrange  and  compare ; 
some  are  in  the  house,  and  others  in  the  field;  some  occupy  one  post,  and  some 
another ;  some  are  pioneers,  some  form  the  main  body ;  some  are  always  in  the  van; 
many  lag  behind,  and  would  willingly  stand  still ;  but  the  progress  is  ever  onwards— 
the  result  never  attained ;  there  is  always  abundant  work  to  do,  and  there  is  reward 
for  work  done.  Every  investigation  that  has  the  discovery  of  truth  for  its  object  is 
good  and  useful ;  and  every  one  who  works  for  his  race  as  well  as  himself  is  a  better 
subject,  a  better  citizen,  and  a  better  man,  than  he  who  sits  by  doing  nothing,  or 
endeavouring  to  persuade  himself  that  he  can  find  nothing  suited  for  him  to  do. 
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CRYSTALLOGRAPHY  AND  MINERALOGY. 


JiOORAFHT,  while  it  is  of  great  value  to  tlie  chemist  and  natural  philosopher  in 
earches,  is  so  important  a  branch  of  Mineralogy,  that  it  is  impossible  to  make 
^ess  in  that  science  without  some  knowledge  of  its  principles.  We  therefore 
)  make  our  Treatise  on  Crystallography  serve  as  an  introduction  to  Mineralogy. 
Iness,  specific  gravity,  chemical  composition,  and  other  properties  of  minerals, 
is  the  localities  in  which  they  are  found,  and  their  scientific  arrangement,  will 
le  Treatise  on  Crystallography. 

itallogxaphy.— In  the  mineral  kingdom  a  great  variety  of  solid  bodies  are 
I,  bounded  by  plane  smooth  surfaces.  These  bodies  are  called  crystals,  and  it 
rovince  of  the  science  of  Crystallography  to  investigate  their  mathematical 
is,  to  classify  and  arrange  them.  The  surfaces  of  crystals  are  not  always 
ihey  are  sometimes  curved ;  but  these  curved  surfaces  are  comparatively  rare, 
are  not  confined  to  the  mineral  kingdom ;  they  occur  very  frequently  among 
nets  of  the  chemical  laboratory.  Almost  all  the  salts,  and  a  great  many  other 
es,  under  favourable  circumstances,  assume  the  form  of  crystals. 
J  crystals  are  very  simple  in  their  forms,  and  present  solids  remarkable  for 
ametry ;  while  others  are  exceedingly  complex,  being  bounded  by  more  than  a 
different  surfaces. 

xe  ignorant,  as  yet,  of  the  manner  in  which  the  majority  of  crystals  belonging 
ineral  kingdom  are  formed.  Very  few  can  be  reproduced  by  the  chemist ;  and 
ich  can,  are  generally  smaller  than  the  natural  ones,  and  present  few  of  their 
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modifications.  Crystals  of  quartz  occur  of  an  immense  size  in  nature,  some  single 
crystals  weighing  many  pounds.  It  is  doubtful  if  any  crystals  of  this  substance  bave 
been  obtained  artificially.  Crystals  of  carbonate  of  lime  occur  in  nature  of  almost 
every  size,  and  in  almost  numberless  yarieties  of  form ;  wbile  the  artificial  crystals  are 
almost  microscopical  in  character.  The  diamond,  which  is  carbon  in  a  crystallized 
state,  has  never  been  produced  by  art ;  but  some  very  minute  crytftak  of  a  few  of  the 
other  gems  have  hma,  formed  by  the  chamistd.^ 

Though  we*  an^ipRuramt  of  the  memm  by  which  the  great  majority  of  cryBtak  have 
been  formecbifl  the  grtit  laboratory  of  lAture,  ^m  can  cryettaHixa  an  immenfift  variety  of 
substancei.  Nothiagrcan  be  more  iiMMi^ing,  flMl  at  the  eaxBrnHmenaate  instractive 
to  the  student  of  cryttallography,  than  tl^  walXii^dke  procest^of  crystallization  he 
himself,  and  observe  tke  gradual  growth  of  ctystaliti 

Artificial  Oxjifllis.— Crystals  may  be  obtafeia*^by.  tMiMnoethodiu.  Host  of 
the  salts,  ai^^9^di '«»«■»  other  snbetances  which  aw^  floluUB  ill  »rtil,  depurflVuijfiitdlii 
as  their  soMttfons  amynMaXLj  eyaporated.  BCsmoth,  and  moitrsottfir  metihi,  assime 
the  crystalfine  foMttas  tiny  pass  from  the  fluid  to  the  solid  state  after  being  melted. 
Some  bodies  become  cr3r8tallized  by  the  process  of  snblimatieir.  OrystalB  aze  ftamed  by 
the  electro-galvanic  d^«oni|i0sition  of  some  solMtions ;  tkn%  tin  crystalSzeB  by  the 
reduction  of  a  solutio»<af^  protochloride  by  a  gfjlivanio  CTttrent  Ciystals  of  sulphur 
may  be  obtained  in  three  ways,— by  subthaatfon,  by  the  evaporatiett  of  its  solution  in 
bisulphide  of  carbon,  and  by  cooling  from  a  state  of  fusion. 

Crystals,  Crystalline,  and  Amorphous  Substances.— AH  solid  substances 
which  do  not  owe  their  structure  to  the  vital  forces  of  the  animal  or  vegetable  kingdom 
are  crystals,  crystalline,  or  amorphous.  Crystals  have  been  already  described.  A 
crystalline  body  consists  of  a  confused  aggregation  of  minute  or  imperfect  crystals;  and 
an  amorphous  body  is  one  in  which,  as  its  name  implies,  no  form  or  structure  can  be 
observed.  Sugar-candy  consists  of  crystals  of  sugar ;  loaf-sugar  is  crystalline,  and 
barley-sugar  is  amorphous.  We  meet  with  crystals  of  carbonate  of  lime  in  calcareoua 
spar  and  arragonite ;  marble  is  a  crystalline,  and  chalk  an  amorphous  form  of  the  same 
substance. 

Faces,  Bdges,  Angles,  and  Axes  of  Cr3r8taUi. — The  plane  surfaces  by 
which  a  crystal  is  boimded  are  called  its  faces.  An  edge  is  the  line  formed  by  the  union 

of  two  faces.  The 
solid  angle  of  a 
crystal  is  pro- 
duced by  the 
union  of  more 
than  two  faces, 
and  may  be  three- 
faced,  four-fEU^ed, 
six-faced,  &c.  The 
plane  angles  are 
A  5  the  angles  on  a 

Fig.  1.— The  Cube.  face,  boimded  by 

the  intersection  of  its  boundary  edges.  Axes  are  imaginary  lines,  drawn  throti|^ 
a  crystal  for  the  convenience  of  calculation,  or  for  the  purpose  of  describing  its  geo- 
metrioal  propertiecT.  Crystalline  forms  are  the  simplest  mathematical  solids  in  whiofa 
orystsis  occur,  or  to  which  their  faces  are  parallel. 


Fig.  2.— The  Octahedron. 
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If  ma  muoli  oommoD  salt  be  thrown  into  bollm^  WBtar  aa  it  will  diEsolve,  b^autifiil 
mtbea  will  be  seen  to  form  rapidly  on  its  surface  as  it  ccmiIs,  aa  well  aa  on  tha 
sides  of  tho  vosael  in  wtich  it  is  contoiBed,  Tho  same  tMngVill  oecnr  moM  dowly,  if 
a  saturated  solutton  i>f  salt  in  cold  watc^r  }yQ  BUowcd  to  OTaponite  spontaneoualy,  A 
wann  eolutioTi  of  alum  will  deposit  octahedral  cryatala  oa  gtringa  EsiiHpended  in  it^ 
as  wdt  as  on  tho  eidoa  of  the  vessel  containing  it  ae  it  cool«.  The  enrfiiccs  of  the  cuhe 
are  all  si^uarogj  those  of  tha  octahedron  equiltttcrol  triangles  ;  the  cube  is  boiinded  by 
di  isqiiarag,  the  octahedron  by  eight  trianglea* 

Componad  CzyBta.lli3i«  Foraks.^If  an  octahedral 
cryatai  of  alum  be  left  Euspanded,  at  th«  ordinary  tem- 
pimiture  of  thiJ  atmosphere,  for  a  day  or  two,  in  the  flolu* 
tion  of  alum  in  which  it  waa  formed,  though  the  eryatal 
will  increase  in  mxe^  its  form  will  generally  he  altered.  The 
dx  solid  angles,  formed  by  the  junction  of  four  of  the  eqm- 
lateFal  facea,  will  be  found  replaced  by  fiat  etiuare  anrfaoea ; 
10  ihirt  the  cTyatttl  wUl  present  tho  appearam^e  represented  In 
Fig.  3,  where  the  eight  faeefij  bounded  by  sit  cdgesj  and  marked  0^  Oj,  &o,,  Og,  will  be 

parallel  to  those  of  tiio  oetahedion  first  formed  by  the  so- 
lution. 

If  the  six   aquaro 

fkces,  marked  P^^   P^i 

&c.,   Pft,  he   produced 

till  they  intersect  one 

anotheTj    these    intcr- 

aectiona  will  gire  the 

oiitline  of  a  mb^j  while 

tho  faces  0^^  Oj,  &e., 


^.--^^^S:^ 

t^-/Y\ 

^ 

...--^^^fc:^^ 

^.^ 

Fig,  4. 


0||  being  sinularly  produced,  wiU  complete  the 
flgime  of  an  octahedron,  as  shown  by  Fig.  4, 

Sneh  a  CT3'^Btal  as  this  ia  called  a  combina- 
tion of  the  forms  of  tho  cube  and  oetahedron. 
The  &ces  whiehj  being  produC4jd|  form  a  eube,  are 
{lallcd  the  cubical  faces ;  and  tho@«  which  form 
the  octahedron,  octahedral  faces. 

Far  more  eomplicatcd  forms  are  foimd  in  nature, 
?*  Pi 


Pig,  5  representa  a  cube  of  fluar 
Pi 


Fli-  a.  Fig*  T-  3Fiff.  8- 

flliOmbk  Bodeoahcdron.         Twfflity.-fimr-fMOd  Trap«Eohedrcra^         Three  Jiaced  Ootaliedron, 
sfAT^  every  edge  of  which  ia  modifled  or  replaoed  by  a  plane  surface,  inolmedtot^MaauK* 
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face  of  the  cube ;  and  evcrj  solid  angle  of  the  cube  is  replaced  by  twdye  planes. 
The  crystal  has  therefore  one  hundred  and  fourteen  faces. 

The  six  faces,  P,,  Pj,  P„  &c.,  P,,  are  parallel  to  the 
faces  of  the  cube  (Fig.  1). 

The  faces,  rj,  r„  r„  &c.,  r,2,  which  replace  the  edges 
of  the  cube,  are  parallel  to  a  twelve-faced  figure,  called 
the  Rhombic  Dodecahedron  (Fig.  6). 

The  twenty-four  faces  a,,  Cj,  aj,  &c.,  which  modify 
each  solid  angle  of  the  cube,  are  parallel  to  the  surfaces  of 
the  twenty-four-faced  trapezohedron,  bounded  by  twenty- 
four  similar  and  equal  four-sided  faces,  called  deltoids^  or 
trapeziums  (Fig.  7).  ^^S-  t»^-Sii^uM<i  Octahedron. 

The  twenty-four  faces,  i|,  Jo*  *3>  ^c.,  are  parallel  to  the  sur&ces  of  the  twenty-fbur- 
faccd  figure  called  the  three-faced  octahedron,  each  of  whose  faces  is  a  similar  and 
equal  isosceles  triangle  (Fig.  8). 

And  the  forty-eight  faces,  ^i,  «2,  ^3,  ^4»  ^5,  ^6>  &c.,  arc  parallel  to  the  surfaces  of  a  forty- 
eight-faced  figure,  called  the  six- faced  octahedron,  each  of  whose  fSewjes  are  scalene 
triangles,  similar  and  equal  to  each  other  (Fig.  9). 

Modifications  of  Forms.— Crystals  of  simple  forms,  such  as  the  octahedron, 
are  sometimes  formed  with  as  much  accuracy  as  the  geometrical  solid ;  but  at  other 
times  the  faces  are  so  modified  as  to  render  it  difficult,  at  first  sight,  to  recognise 
the  form  to  which  they  belong.  The  three  accompanying  figures  (Figs.  10,  11,  and 
12)  represent  modifications  of  the  octahedron  frequently  observed  among  the  crystals 


Fig.  10. 


Fig.  11. 


Fig.  12. 


of  alum.  On  examination,  it  will  be  found  that  the  feujes  0|,  02,  &c.,  Og,  are  each  parallel 
to  a  face  of  an  octahedron ;  and  that  the  inclination  of  any  one  face,  such  as  tfj  on 
any  of  the  adjacent  faces,  such  as  O4,  or  04,  is  an  angle  of  109°  28'*,  as  it  is  in  the  regu- 
lar octahedron. 

Foxms  of  Crystals  independent  of  the  size  of  their  Faces  and  Edges. 
— From  what  has  been  stated,  with  regard  to  the  octahedron,  it  appears  that  the 
geometrical  form,  to  which  the  faces  of  a  natural  crystal  are  referred,  is  independent  of 
the  size  of  the  face,  or  even  the  form  of  its  outline.  Thus,  the  faces  of  an  octahedron 
are  all  equilateral  triangles,  while  some  of  the  faces  in  the  three  preceding  figures  are 
bounded  by  four  edges,  as  Oj  and  o^  (Fig.  10),  04  and  05  (Fig.  11),  and  some  by  six,  ai0i 
(Fig.  12).    A  regular  octahedron,  or  cube,  may  be  of  any  size,  from  one  reqiiiring  ft 
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imcroseop^  to  perceivo  it,  to  one  whjose  ^ges  arc  sereral  iadies  in  kngtli.     The  facei 

of  a  compound  crystal  iim  olwaya  referred  to  the  simplest  fiymmetrical  solid  to  which 

Ihej  are  parallel.     This  panillcli^m  ia  detennined  by  the  menfinrctnoint  of  the  indioatioii 

of  one  f&Ge  to  anotlier.     This  inclination  is  determined  hj  in^tmmeata  ealled  gonia- 

m£(6m|  whieh  wil]  bo  described  hereafter. 

ClisftVftge^ — Seme  minerals  are  found  to  spUt^  or  clo^t^e,  with  ^ater  case  and 

jieadiness  in  seme  directions  than  others.     In  somcf  cusea,  as  in  caleareous  spar  and 

fluor  spar,  this  cleavage  takes  place  with  gi^at  facLlitj,  and  displays  very  smooth  but- 

fa/c&s.     The  cleavago  is  generally  parallel  to  somis  crfBtallme  form  ;  that  of  calearceua 

ipar  being  parallel  to  the  &Lc  faces  of  a  figure  called  the  rbomhohedron,  and  that  of 

fluor  spar  pm^el  to  the  eight  faces  of  the  octahedron. 

If  a  cube  of  fluor  spar,  A„  A^,  &Ck,  A^,  tare  diagonals,  Aj  Aj,  A^  A^,  joining  the 

opposite  angles  of  its  sqiiare  faces,  scratched 

upon  them.    It  will  he  found  that  a  Imife 

being  applied,  with  its  edge  on  one  of  the  dia- 

gcmals  A]  A^,  and  tho  hlade  of  tho  knife  in  the 

same  plane  with  the  triangle  Aj  A;^  A,,  a  fimart 

blow  ^m  a  hammer,  on  the  back  of  the  Imifc, 

win  detach  the  solid  pyramid  A,  A^  A,  A^, 

from  the  cube.     In  a  similar  manner,  tbe  pyi'^- 

laids  A]  A3  A|,  A3,  A|  A«  A^  A^,  and  A3  A^ 

A(  A7,  may  be  remored,   leaving  a  regular 

tetraiiedioD,  Aj,  Aj,  Ag,  A,,  afl  the  nuolens  of  the 

cul)e« 

By   removing  the   four  pyramida  whose 

vertices  are,  A3,  Ai,  A^,  and  A^, 

might  have  been  obtained. 

Nature  thns  affords  a  demonstration  of  the  1st  proposition  of  the  i5th  Book  uf 

Euclid — ■"  Sgw  i^  im^i&i  a  nguktr  Tetrahedron  m  a  Cttht^ 

By  removing  the  eight  solid  pyramids,  wboae  vertices  are  rcapcetiyely  A^,  Aj,  ^e., 

A,,  and  replacing  the  removed  fragmeuti,  we 
should  see,  within  our  transparent  etibe  of  fluor 
spar^  a  regular  oetahedron  P^  P3  &c..  Pa*  in- 
f:l[>sed  within  the  cube,  and  regularly  inscribed 
in  it,  as  the  octahedron  is  iuBcribed  in  a  cube 
by  the  3rd  Prop,  of  the  16th  Book  of  Euclid. 

Systems  of  Ciystalfl.— ^^  have  seen 
that  one  substance,  auch  aa  fluor  spar,  preeenta 
ou  its  crystals  faces  parallel  to  several  different 
nmth^matical  symmetrical  solid  forms.  All 
these  forms  can  be  shown  to  have  certain  nui- 
thematlcal  relatioiis  to  the  cube  or  tho  regxQor 
octahedron^     Other  substances,  whose  crystals 

oeeuT  in  the  fbrm  of  the  cube  or  octahedron,  or  have  faces  parallel  to  these  forms. 

preaeEt  ua  with  crystals  citJier  in  tiiD  form,  or  witih  faces  parallel  to  the  same  mathe* 

mathieal  solids. 

These  solids^  thus  associated  in  nature,  and  possessing  certain  mathematical  ^ro^jcttv^a 
b  eonunon,  are  classed  together  la  one  wj^tm^  caDed  the  cubVcBl  qt  (>«:Sjs:&ie&iA  ^tii,tta. 


auother  tetratedron  in  the  position  Aj  A 4  k-  A 4, 


HfH, 


I 
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Other  sabstances  occur  in  foarms  similar  to,  or  with  their  faces  parallel  to,  other 
mathematical  solids,  differing  in  their  mathematical  properties  &om  those  of  the  cubical 
system.    These  forms  are  classed  together  under  other  systems. 

It  may  be  observed,  that  faces  parallel  to  the  forms  of  one  system  are  not  fomid  on 
the  same  crystal  combined  with  faces  parallel  to  the  faoeB  of  tannB  belonging  to  a 
different  system  of  crystallization.  Thus,  faces  parallel  to  the  eight  faces  of  the  regular 
octahedron  are  found  on  crystals,  associated  only  with  faces  parallel  to  the  forms  of  Ihe 
cubical  system,  and  not  to  forms  belonging  to  the  other  systems. 

Some  one  form  may  be  taken  as  the  type  or  primitive  ftnm,  from  which  all 
others  of  the  same  system  may  be  easily  derived.  This  typical  or  primitLve  finm 
is  quite  arbitrary ;  and  it  may  be  either  a  prism,  an  octahedron,  or  some  other  simple 
form. 

1st  system. — The  cubical,  or  octahedral ;  according  as  we  consider  the  regular  cube 
or  regular  octahedron  its  typical  or  primitive  form. 

2nd  system. — Square,  prismatic,  or  pyramidaL  Typical  focm,  a  j^iun  on  •a:flquaie 
base,  or  octahedron  on  a  square  base. 

3rd  system. — Bhombohedral,  or  hexagonal.  Typical  form,  the  xhcinboldt)rihe  hexa- 
gonal prism. 

4th  system. — Prismatic,  or  rhombic.  Typical  form,  a  right  prism  on  a  ihomlnc 
base,  or  octahedron  on  a  rhombic  base. 

5th   system. — Oblique.    Typical  form,  an  oblique  -prism  on  a  -  rhombic  base,,  or 
oblique  pyramid  on  a  rhombic  base. 

6th  system. — Anorthic,  or  doubly  oblique.  Typical  form,  a  donbly  oblique  prism  or 
octahedron. 


rinST  STSTBM. — THE  CUBICAL. 

This  system  is  called  the  cubical  or  iesseral  {tessera,  a  cube),  if  its  ibrms  are  re- 
garded as  derived  from  the  cube ;  the  octahedral,  if  its  forms  are  derived  from  the  regular 
octahedron.     It  is  also  called  the  regular  or  isometrical,  from  the  properties  of  its  axes. 

The  axes  of  this  system  will  be  described  under  the  Cube. 

The  holohedral  forms  of  this  system,  or  those  forms  which  possess  the  highest 
degree  of  symmetry,  aie  the  ctibe,  oetahedroriy  rhombic,  dodecahedron,  three-fiutd 
octahedron,  twenty -four-faced  trapezohedron,  four-faced  cube,  and  the  six-faced  eeta- 
hedron. 

From  each  of  these,  with  the  exception  of  the  cube  and  rhombic  dodecahedron, 
other  forms  are  produced  by  the  development  of  half  their  faces ;  these  are  called  hm- 
hedral. 

The  hemihedral  form  of  the  octahedron  is  the  tetrahedron ;  that  of  the  three-faced 
octahedron,  the  tuelve-faced-trapezohedron  ;  that  of  the  twenty-four-faced  trf^zohedroD, 
the  three-faced-tetrahedron ;  and  that  of  the  four-faced  cube  the  pentagonai.  dodeeah- 
dron.  The  six-faced  octahedron  has  two  hemihedral  forms ;  the  six-faced  tefy^akadrw 
and  a  ttpenty-four-faced  trapezohedron  hAying  two  sides  of  its  trapezoidal  face  panllel' 
Of  these,  two— the  pentagonal  dodecahedron  and  the  hemihedral  iwenty'/our^/jiasd  tnh 
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jMsoAe^roH — hare  their  fojcea  parallel  to  one  anoUier^  in  piiirs,  and  ore  c^Qled  hemihe- 
dral  firms  with  p&raild  faces. 

The  otiier  hemihedral  ibmiH  are  oalled  h^mh^ral  formg  with  indiaed/tuiM. 

Thm  CuTse.— The  cube  or  hezah&dron  (eix-fttced),  is  i  solid  bounded  by  aix  aquano 
fkces;  it  haa  eight  solid  foiusfaced  amgl^Sf  Ai  A^,  So.,  A^  (Fig,  15),  aad  tw^lr^  edges, 
A,  Aj,  Aj  A^,  k^.    Every  face  is  inclined  to  ita  adjajoent  faces  4t  on  angle  of  90'', 


Ajtm  of  ty  Cube  and  tlif!  Ctthiml  %si^m. 
GuMmI  A^€a.^lt  d^ondls  be  dnwn  through  the  oppodte  aiigles  of  ^  ^e^ 

Aj A. 


;^A# 


Fig.  15, 


Flfif,  IS. 


Let  ?:,  P^  P,, 


of  the  oube,  tlicy  will  intersect  one  another  in  ths  eenbe  of  eadi  faec. 
P^i  Pji  Fg  (Fig.  16),  bo  thesG  eii  centroa, 
Jem  Pi  Pfl,  Pa  Po  and  P^  Pj. 

These  thMG  lines  will  intergect  one  another  in  the  point  C.     They  are  called  the 
ftg%^r  or  recianffiderr  aase*  of  the  cubical  «yBtGin. 

Eeckening  from  C,  which  is  tJie  centre  of  the  cubej  each  of  the  dx  lines,  CPj  CPj, 
M^  OP,j  are  e^nal  to  each  other,  and^they  are  each  perpendicular  to  a  faec  of  the  cube 

at  the  poiat  P,  and  the  adjacent  ones  are  inclined 

jy A|f  to  each  other  at  an  angle  of  O0'\ 

Oetakedral  Ajreit.' — If  lines  be  dzswn  from 
one  solid  aogle  of  tbi?  cube  to  the  aolid  ong^o 
opposite  to  itj  we  shall  then  iiaTc  four  lines,  A| 
A„  As  Ag,  A3  A,,  and  A^  X,  (Fif^  H).  mtersectini: 
one  another  at  the  hiame  point,  C,  ag  the  euhic^ 
axes.  These  lines  are  all  equaln,  and  inclined  te 
one  anoOicr  at  an  angle  of  70*  32\ 

The  eight  lines  CA|  C\y  &e.^  OA^,  ai^e  each 
^  perpendicular  to  a  faetii  of  the  oetahodroii  inaciibed 
4  j^  in  the  cube.     They  are  tJiereforo  calli'd  the  oeto- 

Plg^  17^  h^drml  itz^s.      If  C  Pi  or  C  P,  be  taken  fts  the 

toiit,  CAj  CA^  &c*|  will  each  be  equal  to  V37 
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B4. 

/ 

X<^ 

^ 

/ 

\ 

,.^-^'ix 

/ 

3„ 

^^^ 

-Be 


B18 

Fig. 


MJ^mbic  Axes— Let  Bj  B,  B.^,  &c.,  B,,;,  be  the  centres  of  each  of  the  twelve  edges 
33s  of  the  cube.   Join  Bj  B,„  Bj  Bjj,  &c.    These  six 

lines  will  intersect  one  another  in  C,  the  centre  of 
the  cube.  Each  of  the  lines  CBi  CB,,  &c.,  CBi,, 
are  equal  to  one  another,  and  perpendicular  to 
a  face  of  the  rhombic  dodecahedron  inscribed 
in  the  cube.  They  are  called  the  rhombic 
Bg  y- —  /7*^^  Bj  ^^^-i  ^^^  ^6  adjacent  ones  are  inclined  to  each 

other  at  an  angle  of  60°.  Taking  CP,,  the 
cubical  axis  as  =  1,  CBj,  CBj,  &c.,  each  =  v^2. 
Noxmals.—A  line  drawn  through,  a  given 
point  perpendicular  to  the  face  of  a  crystalline 
form,  is  called  a  itoi-mal  to  that  fjEUje  from  the 
given  point.  Thus  the  cubical  axes  are  nor- 
mals to  the  faces  of  the  cube  from  the  point  C,  and  the  octahedral  and  rhombic  axes 
are  normals  to  the  faces  of  the  octahedron  and  rhombic  dodecahedron  from  the  same  point. 
To  draw  a  Cube, — The  perspective  used  in  drawing  crystals  is  called  isomc- 
trical.  In  this,  the  lines  which  in  the  ordinary  system  of  perspective  are  drawn 
converging  to  a  point,  are  drawn  parallel  to  one  another.  It  is  the  most  convenient 
method  for  representing  geometrical  solids. 

Describe  a  squai-c,  Aj  A5  Ag  A4  (as  at  Figs.  2  and  15),  of  any  convenient  size. 
Draw  the  line  Aj  A,,  at  an  angle  of  about  30°  to  the  line  Ai  A4.  Then,  through 
A4  A5  and  Ag  draw  A4  A3,  A,  Ag,  and  Ag  Aj  parallel  to  Aj  A^.  Make  A^  Aj,  A4  Ag,  Aj  Aj> 
and  Ag  A-  each  half  the  length  of  one  of  the  sides  of  the  square  A^  A5  A4  Ag. 
Join  Aj  A3,  A,  Ag,  A,  Ag,  A3  A-,  and  the  representation  is  completed. 
Cryatallographical  Symbol  for  the  Cube. —  The  relations  of  the  faces  of  the  cube 
to  its  rectangtdar  or  cubical  axesy  affords  a  ready  means  for  adopting  a  symbol  which 
shall  express  some  of  its  properties.  It  will  be  readily  seen  that  every  face  cuts 
one  of  the  cubical  axes,  and  is  parallel  to  the  directions  of  the  other  two..  A  line,  or 
plane,  which  is  parallel  to  another  line  or  plane,  is  said,  in  mathematical  language,  to 
cut  it  at  an  infinite  distance,  and  as  00  is  the  symbol  for  infinity,  regarding  CP,  the 
perpendicular  distance  of  the  cube  from  its  centre  as  the  unit,  the  symbol  1,  00^  «  sig- 
nifies that  every  face  of  the  cube  cuts  one  of  the  axes  at  distance  1  from  its  centre,  and 
the  other  two  axes  at  an  infinite  distance.  Naumann's  symbol  for  the  cube  is  00  0  ooj 
Miller's,  100,  and  Brooke  and  Levy's  modification  of  Haiiy,  P. 

Generally  in  Naumann's  symbols  the  figures  represent  the  distances  at  which  the 
faces  of  tlie  form  cut  the  rectangular  axes,  the  figure  1  being  always  understood.  In 
Miller's  they  signify  the  parts  of  some  arbitrary  unit,  at  which  the  faces  cut  the  axes. 
In  Brooke  and  Levy's,  b^  indicates  that  every  plane  is  parallel  to  an  edge  of  the  cube, 
m  being  the  ratio  which  the  two  edges  cut  by  the  plane  bear  to  one  another ;  a*»  and 
l^bkV  represent  that  the  planes  are  parallel  to  one  cutting  off  a  solid  angle  of  the  cube 
the  figures  m,  A,  A;,  and  /,  indicating  the  ratios  of  the  cut  edges  of  the  solid  angle. 

Net  for  the  Cube. — One  of  the  simplest,  most  useful,  and  at  the  same  time  most 
inexpensive  means  of  modelling  the  forms  of  crystals,  is  to  draw  their  faces  on  paste- 
board, and  arrange  them  in  such  a  manner  that  some  of  the  edges  being  cut  partially, 
and  others  quite  through  the  pasteboard,  the  whole  may  readily  fold  up  into  the  required 
form.    The  loose  edges  being  glued  together,  a  firm  model  will  be  formed  in  a  few 
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minutes.     A  drawing  of  tho  faces  of  a  solid,  orrangod  so  that  the  model  may  bo  folded 
up  from  a  single  piece  of  pasteboard,  is  called  a  net. 

To  make  a  net  for  the  cube,  describe  a  square 
equal  to  a  face  of  the  required  model,  and  arrange  six 
such  squares  in  the  manner  represented  in  Fig.  19. 
If  a  knife  be  drawn  so  as  to  cut  the  pasteboard 
half  through  along  the  light  lines,  and  quite 
through  along  the  dark  ones,  the  figure  will  readily 
fold  into  the  form  of  the  cube. 

In  this  and  the  other  nets  which  will  be  de- 
scribed, it  is  very  convenient  to  draw  one  face  on 
tracing  paper.  The  other  faces  may  then  be 
readily  pricked  off  from  this  one  on  the  pasteboard, 
in  the  required  form,  with  greater  ease,  and  even 
more  accurately  than  by  describing  each  face 
geometrically.  It  will  also  be  found  convenient 
to  leave  a  margin  to  one  edge  where  two  edges  are 
to  be  glued  together.  Glue  is  better  than  paste, 
as  it  dries  more  quickly,  and  does  not,  like  paste 
or  gum,  warp  the  surfaces  of  the  model. 


I'jg.  10. 

Minerals  tcliose  crystaU  occur  in  the  form  of  the  cube,  or  present^  in  their  modifications, 
faces  parallel  to  it : — 


Alabandine  fsulphuret  of  man- 
ganese). 
Altaite  (telluride  of  lead). 
Alum. 
Amalgam. 
Analeune. 

Argentite  (snlphnrct  of  silver). 
Blende  (snlpburet  of  zinc. 
Boraeite. 

Bondte  (purple  copper). 
Bromite. 

Clautthalite  (seleninret  of  lead). 
Cobaltine  (bright  white  cobalt). 
Copper. 
Caoone. 

Cuprite  (red  oxide  of  copper). 
Diamond. 
Embolite. 

Eulytine  (bismuth  blende). 
Fahlerz  (gray  copper). 
Fluor. 
Franklinite. 


Gahnite  (automalite). 

Galena  (sulphuret  of  lead). 

Garnet. 

Gersdorffite. 

Gold. 

GrOnauite  («ulphuret  of  uipkel 

and  bismuth). 
Hauerite. 
Uauyne. 
Iridium. 
Iron. 
Ifterine. 

Kcrate  (muriate  of  silver). 
Lerbachite   (seleniuret  of  lead 

and  mercury). 
Liun^ite  (sulphuret  of  cobalt) . 
Magnetite  (magnetic  iron  ore). 
Naumannite. 
Percylite. 
Periclase. 
Pcrowskite. 
Petzite  (telluride  of  silver). 


Pharmacosidcrite  (arseniate  of 

iron). 
Platinum. 

Pyrite  (sulphuret  of  iron). 
Pyrochlore. 
Bammelsbergite  (white  arseni. 

cal  nickel). 
SafBorite  (arsenical  cobalt). 
Sal  ammoniac. 
Salt. 
Silver. 

Skutterudite. 

Sroaltine  (tin  white  cobalt). 
Sodalite. 

Stannine  (sulphuret  of  tin). 
Steinmaunite. 
Sylvine. 
Tcnnantite. 
TJllmanite  (sulphuret  of  nickel 

and  antimony). 
Voltaite. 


Minerals  whose  crystals  cleave  paraild  to  the  faces  of  the  cube, — tliose  printed  in  italics 
indicating  that  the  cleavage  is  easy  and  perfect : — 


Alahandine, 
Altaite. 


Argentite. 

Cbromite. 

Claosthalite. 

Ccbaltine, 

Cuibane, 

Embolite. 

Franklinite. 

Qahnite. 


Galena. 

Oeradorffite. 

Hauerite, 

Iridium. 

Iron. 

Lerbachite. 

Linn^ite. 

Magruiite, 

Nmmannite. 

Periclase, 

Perowsktte. 


Pyrite. 

Pyrochlore. 

Salt, 

Skuttentdite, 

Smaltine. 

Spinelle. 

Stannine. 

Steinmannite. 

Sylvine. 

Ullmanite. 


A 


298 


THE  OCTAHEDRON. 


The  Octahedron — Called  the  regular  octahedron,  to  digtingniwh  it  from,  other 
octahedrons,  whose  faces  are  not  equilateral  triangles. 
This  form  is  bounded  by  eight  equal  and  similar  facesy 
each  being  an  equilateral  triangle.  It  has  ttcelve  equai 
edges,  V^  Pj,  Pj  P3,  &c.,  and  six  four-faeed  solid  anglesj  Pj 
Pg  P3  P4  Pft,  and  Pg.  Each  face  is  inclined  to  its  adja- 
cent face  at  an  angle  of  109°  28/ 

To  draw  the  Octahedron — A  cube  being  described  as 
previously  directed — 

The  centre  of  each  face  Pj  Pj,  &c.,  P,,  may  easily  be 
found  by  joining  \  A,,  A2  A4,  &c.    Join  Pj  P,,  P.^  P4, 
and  P3  P5,  meeting  in  C.    These  are  the  cnbical  axes  of 
the  cube.      Join  P^  Pg,  Pi  P3,  Pi  P4,  Pi  Ps,  Pj  P3,  P3  P4,  &c,  as  shown  in  jRg.  21, 
and  an  octahedron,  P,  P,,  &c.,  P«,  will  be  deli- 
neated inscribed  in  the  cube ;  or  two  equal  lines. 
Pi  P«,  and  Pg  P4  may  be  drawn  perpendicular 
to  one  another,  and  intersecting  each  other  in 
their  centre  C ;  draw  CP3,  making  an  angle  of 
30°  with  CPg,  produce  CP3  to  CPj,  and  make 
CP3,  CP5,  each  half  of  CPo ;  and  join  the  points 
Pi  Pg,  &c.,  as  before. 

Relations  of  the  Octahedron  to  the  different 
Axes  of  the  Cube, — ^From  the  previous  figure  it 
is  evident  that  the  cubical  axes  join  the  opposite 
solid  angles  of  the  octahedron. 

Let  Pi  Pg  P5  (Fig.  22),  be  one  of  the  faces  of 
the  octahedron.    JKsect  Pj  Pj,  Pg  P. 
and  Pa  Ri. 

These  Hues  will  intersect  in  Oi,  and  each  of  the  lines  EO  will 
be  one-third  of  the  Une  PE. 

Suppose  every  face  of  the  octahedron  similarly  divided,  as 
shown  in  Fig,  23. 

If  now  the  octahedral  axes  Ai  A„  A2  A«,  &c.,  be  drawn,  join- 
ing the  opposite  solid  angles  of  the  cube,  as  in  Fig.  17,  each  octa- 
hedral axis  will  pass  through  the  face  of  the  octahedron  inscribed 
in  the  cube  at  the  point  0  (Fig.  23),  and  will  be 
perpendicular  to  it.    The  distance  of  0,  from  the 
centre  of  the  cube,  will  be  one-third  of  that  of 
A ;  so  that  the  octahedral  axes  of  the  octahedron 
will  bo  a  third  of  the  octahedral  axes  of  the  cube 
in  which  it  is  inscribed. 

The  rhombic  axes  of  the  cube  being  drawn  by 
joining  the  centres  of  its  opposite  edges,  as  in  Fig. 
18,  these  axes  will  pass  through  the  centre  of  each 
edge  of  the  octahedron,  as  Ej  E4  and  E5  (Fig.  23). 
The  distance  of  E,  from  the  centre  of  the  cube,  will 
beone-half  of  thatofB.  Hence  the  rhombic  axes  Fig.  23. 

of  the  octahedron  will  be  one-half  of  the  rhombic  axes  of  the  cube  in  which  it  is  isMiibed. 


Fig.  21. 
and  Pj  P5  in  Ej,  E,  and  E4.    Join  Pj  E,,  PjEi, 


\     Si 

A..^ 

\y//  \  x/ 

\ 

.^^^ 

THE  OCTAHEDBON. 


299 


Fig.  24. 


Spmbols.-^^axik  face  of  the  octahedron  cuts  the  three  oubioal  axes  at  an  equal 
distance  CP  from  the  centre  of  the  cube,  and  taking  CP  as  unity, 
111  will  be  the  symbol  which  expresses  this  relation  of  the  faces 
of  the  octahedron  to  the  cubical  axes.  Kaumann's  symbol  for 
the  octahedron  is  0,  Miller's  111,  and  Brooke  and  Levy's  modifica- 
tion of  Haiiy  A^  or  a^. 

To  describe  a  Net  for  the  Octahedron, — If  a  model  of  a  cube 
be  formed  by  glueing  the  edges  of  six  square  pieces  of  glass,  the 
different  forms  of  the  cubical  system  may  be  modelled  of  such  a 
size  as  to  be  inscribed  in  the  cube  in  tbe  manner  represented  in  their  respective  figures. 

Describe  a  square  Pj  Bi  Pj  C  (Fig.  24),  having  its  side 
Pi  Bj  equal  to  half  the  edge  of  the  cube  in  which  the  model 
of  the  octahedron  is  to  be  inscribed. 

Draw  the  diagonals  Pj  P^,  and  Bj  C  ;  on  either  of  these 
diagonals,  as  a  base,  describe  an  cquilatcral4Tianglc  (Fdg..22), 
and  arrange  eight  such  equilateral  triangles,  as  in  Fig.  25. 
When  this  Jiet  is  out  out  along  the  dark  lines,  and  par- 
tially along  the  lifter  lines,  it  will  fold  up  into  an  octahe- 
dron, whose  solid  angles  will  just  touch  the  centres  of  the 
faces  of  a  cube  the  edge  of  which  is  twice  the  length  of  the  line 
PB.  In  thia  and  the  following  forms,  the  face  of  the  crystal 
is  described  of  auch  a  size  that  the  model  may  be  inscribed 
in  a  cube  whose  edge  is  one  inch  in  length.  The  faces  on  the 
net  arc  only  made  half  the  size. 

Minerals  whose  crystals  occur  in  the  form  of  the  Octahedron,  or  whose  modi/ieaiions  present 
faces  parallel  to  it  :— 


Fig,  25. 


Alabandine  (sulpliaret  of  man- 
ganese). 
Alnm. 
Amalgam. 

Argentite  (sulphuret  of  Bilver). 
Arquerite. 

Arsenite  (oxide  of  arsenic). 
Blende  (sulphuret  of  zino). 
Boraoite. 

Bomite  (purple  copper). 
Bromite. 

Chromite  (chromate  of  iron). 
Cobaltine  (bright  white  cobalt). 
Copper. 

Caprite  (red  oxide  of  copper). 
Diamond. 
Eiaennickelides. 
Embolite. 

Eolvtine  (bismuth  blende). 
Fahlerz  (gray  copper). 
Fluor. 
PrankUnite. 
Gahnite  (automalitoj. 
Galena  (sulphuret  ot  lead). 


Gersdorffite. 

Gold. 

GrUnauite  (sulphuret  of  nickel 

and  bismuth). 
Hauerite. 
Hauyne. 
Helvin. 
Iridium. 
Irite. 
Iron. 
Iserine. 

Kerate  (muriate  of  silver). 
Lead. 

Linn^ite  (sulphuret  of  cobalt). 
Magnetite  (magnetic  iron  ore). 
Mercury. 
Palladium. 

Pechuran  (pitch  blende). 
Peroylite. 
Periclase. 
Perowskite. 
Fharmacosiderite    (arseniate  of 

iron). 


Pyrite  (sulphuret  of  iron). 

Pyroohiore. 

Bammelsbergite  (white  arseni- 
cal nickel). 

Rhodizite. 

Saflorite  (arsenical  cobalt). 

Sal  ammoniac. 

Salt. 

Senarmontite. 

Silver. 

Skutterudite. 

Smahine  (tin  white  cobalt). 

Spinelle. 

Steinmannite. 

Sylvine, 

Tennantite. 

Tritonite. 

Ullmanite  (sulphuret  of  nickel 
and  antimony). 

Uwarrowite. 

Yoltaite. 


Minerals  whose  crystals  cleave  parallel  to  the  faces  of  the  Octah^on  :— 


Alum. 

Arsenite. 

Boracite. 

Bomite. 

Chromite. 

Cuprite. 


JHatnond. 

GrOnauite. 

Eisennickelkies. 

Magnetite. 

Fahlerz. 

.  Bal  ammoniac. 

Fluor 

Senarmontite. 

Franklinite. 

Smaltine. 

Gahnite. 

•PpineU.. 
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RnOMBIC   DODECAHEDRON. 


Fig.  26. 


Ahombic  Dodecahedzon*— The  rhombic  dodecahedron  is  a  solid,  bounded  by 
twelve  equal  and  similar  four-sided  figures,  called  rhombB. 
A  rhomb  is  a  figure  such  as  Oi  Pj  O5  P5  (Fig.  26),  which 
has  all  its  sides  equal,  the  angle  at  Oi  being  equal  to  that 
at  O5,  and  that  at  Pj  to  the  angle  at  P5.  This  form  is 
sometimes  called  the  granatoedron^  because  it  is  a  cha- 
racteristic form  of  the  garnet.  The  rhombic  dodecahe- 
dron has  twenty-four  equal  edgeSy  Pi  Oj,  P,  O4,  &c.,  six 
four-faced  solid  angles,  Pj  Po,  &c.,  P,,  and  eight  three, 
faced  solid  angles,  Oi  O2,  &c.,  Og.  Each  face  is  inclined  to 
its  adjacent  faces  at  an  angle  of  160'' ;  the  great  angle  of 
the  rhombic  face  as  Po  Oj  P,,  is  109"*  28',  and  the  smaller 
angle,  as  0^  P5  Og,  is  70''  32'. 

To  draw  the  Rhombic  Dodecahedron. — De- 
scribe a  cube  Aj  A,  A,  &c.,  Ag,  (Fig.  *7). 
Join  Ai  A7,  A^  Ag,  &c.,  meeting  in  C. 

Find  Pj  the  centre  of  the  face  A,  Ag  A,  A,. 
Join  CP,  and  Pi  Ai. 

Bisect  Ai  Bj  in  E.  Through  E  draw  ED 
parallel  to  P,  Ai,  and  cutting  CA,  in  0,. 

Through  Oi  draw  Oj  0,  parallel  to  Aj  A,, 
cutting  CA-j  in  Oj,  Oo  0,  parallel  to  A,  A,,  and 
Oj  O4  parallel  to  A,  A4. 

Also,  through  Oj  draw  Oi  O5  parallel  to 
Ai  Aj,  cutting  CA5  in  O5 ;  draw  0,  0«,  0,  0„ 
and  O7  Og  parallel  to  A,  A^,  A^  A  7,  and  A^  A,. 

Oi  Oj  &c.   Og,  will   be    the   eight  solid 
angles  of  a  cube  inserted  in  the  cube  Aj  A,  &c.  Ag,  with  the  same  centre,  and  having 
its  edges  half  the  length  of  the  edges  of  Aj  A^  &c.  Ag. 

Pi  P2,  &c.,  Pg  (Fig.  28,  which  are  not  marked  j^ ^a 

on  Fig.  27,  to  avoid  crowding  the  figure),  wil^ 
be  the  six  points  where  the  six  four-faced  solid  A^ 
angles  of  the  rhombic  dodecahedron,  inscribed  in 
the  cube  Aj  A>,  &c.,  Ag,  will  touch  its  faces. 

Oi  O2,  &c.,  Og,  the  eight  points  where  the 
octahedral  axes  of  the  cube  pass  through  the 
eight  three-faced  solid  angles  of  the  inscribed 
rhombic  dodecahedron. 

Joining  the  lines  Pi  Oi,  0^  Pj,  Oi  P,,  &c., 
as  shown  in  Fig.  29,  the  rhombic  dodecahedron 
will  be  represented  in  perspective. 

If  the  opposite  angles  of  each  hce  be  joined^ 
such  as  Oi  O9  Pi  P^  the  rhombic  axes  of  the  cube  will  be  found  to  pass  through  the 
intersection  of  these  lines,  and  will  also  be  perpendicular  to  the  iace  through  which 
they  pass.  The  cubical  axes  of  the  rhombic  dodecahedron  are  equal  to  the  cubical 
axes  of  the  cube,  and  join  the  opposite  fbur-&ced  scdid  angles. 

The  octahedral  axes  of  the  rhombic  dodecahedron  are  one-half  the  octahedral  axes 
of  the  cuAe,  and  join  the  opposite  three-&ced  solid  an^es. 


Fig.  27. 


Fig.  28. 
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The  rhombio  axes  are  lialf  the  rhombic  axes  of  the  cube  in  which  it  is  inscribed, 

and  join  the  centres  of  the  opposite  faces. 

Syinboh  of  the  Bhombic  Dodecahedron. — Each  face  of  tho  rhombic  dodecahedron  cuts 

two  of  the  cubical  axes  at  equal  distances  jBrom  its  centre,  and  the  other  at  an  infinite 

distance,  or  is  parallel  to  it.      Thus  the  face,  Pj  Oi  Pg  Og  cuts  the  axis  CPj  in  Pp  and 

CP2  in  P2,  and  is  parallel  to  the  axis  CP5.     The  symbol  of  the  rhombic  dodecahedron^ 

which  represents  this  relation  of  all  it  faces  to  the  rectangular  axes,  is  11  00 .    Nau- 

mann's  symbol  is  00  0,  MiUer's  110,  and  Brooke  and  Levy's  modification  of  Haiiy,  B* 

or  bK 

To  describe  tlie  net  of  a  RJwnibic  Dodecahedron  which  may  be  inscribed  in  a  given  cube, 

— ^Describe  a  square,  Pj  B^  PgC,  having  its  side  equal 

to  half  the  edge  of  the  given  cube.    Join  B^  C,  and 

Pi  P2  meeting  in  Rj.    Produce  Bi  P^  to  Ap  and  Po  C 

to  B5.     Make  P^  Ap  and  CBj,  equal  to  CBj,  and  cX 

equal  to  GK^, 

Join  CAp    Bisect  Aj  B5  in  E.    Through  E  draw 

EOiD  parallel  to  A^  Pp  cutting  A^C  in  Op    Join 

Pi  Op  Oi  R.. 

Pi  Ai  B5C  represents  the  fourth  part  of  the  section 

of  the  cube,  with  its  inscribed  rhombic  dodecahedron,  through  the  lines  k^  A3  Ay  A5  (Fig. 

28),  and  Pj  Bi  PjC,  the  fourth  part  of  the  section,  through  the  lines  joining  the  points 

Bi  B,  Bii  B9  (Fig.  18)  of  the  cube. 

To  describe  the  face  of  the  Rhombic  Dodecahedron.— Dra.w  a  line,  Pj  P2  (Fig.  30), 
equal  Pi  Pj  of  Fig.  29.  On  it  describe  an  isosceles  triangle, 
having  its  sides  Pi  Op  Pj  Op  equal  Pj  0^  of  Fig.  29.  Make 
a  similar  triangle  Pp  Oj  Po 
on  the  other  side  of  Pi  Pj. 
Then  Pi  Oj  Pj  Oi  is  the 
face  of  the  rhombic  dodeca- 
hedron, which  may  be  in- 
scribed in  a  cube  whose  edge 

is  twice  the  length  of  Pi  Bp  or  Pj  C  of  Fig.  29. 

Twelve  of  these  rhombs,   arranged  as  in  Fig.  31, 

viU  give  the  required  net  of  the  rhombic  dodeca- 
hedron. 


Fig.  31. 


Minerals  whose  crystals  occur  in  tJie  form  of  the  rhombic  dodecahedron,  or  whose  modi- 
fications present  faces  parallel  to  it: — 


Alabandine  (sulphate  of  magne- 
sia. 
Alnm. 
Amalgam. 

Argentite  (snlphuret  of  silver). 
Blonde  (suiphuret  of  adnc.) 
B)racite. 


Somite  fpurple  copper). 

Cuprite  (red  oxide  of  copper). 

Diamond. 

Dufrenoysite. 

Eulytine  (bismuth  blende). 

Fiihi^rz  (gray  copper). 

riuor. 


Franklinite. 

Galena  (suiphuret  of  lead.) 

Garnet. 

Gold. 

Hauerite. 

Hauvne. 

laetiTwe. 
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Ittnerite. 

Kerate  (muriate  of  silver). 

Leucite. 

Magnetite  (magnetic  iron  ore). 

Percylite. 

Perowskite. 

Pharmacosiderite. 

Pyrite  (sulphuret  of  iron). 


Pyrochlore. 

Bammelsbergite  (white  arsen- 
ical nickel) . 
Rhodizite. 
Sal  ammoniac. 
Salt. 
Silver. 
Skuttenidite. 


Smaltine  (tin  white  cobalt). 

Sodalite: 

Spinelle. 

Stannine  (solphnretof  tin). 

Tennantite. 

nimanite  (sulphuret  of  nickel 

and  antimony.) 
Voltaite. 


Minerals  whose  crystals  cleave  parallel  to  the  faces  of  the  rhombic  dodecahedron  :- 


Alabandine. 

Amalgam. 

Argentite. 

Blende. 

Eulytine. 


Garnet. 

Hauyne. 

Ittnerite. 

Leucite. 

Skutterudite. 


Smaltine. 
Sodalite. 
Stannine. 
Tennantite. 


The  cube,  octahedron,  and  rhombic  dodecahedron,  are  the  only  foims  parallel  to 
which  cleavages  have  been  observed  in  crj^tals  belonging  to  the  cubical  system. 

Three-Faced  Octahedron.— This  figure,  called  also  the  triakisoctahedron,  and 
by  Haidinger,  galenoidy  as  a  characteristic  form  of  ffobm^ 
is  a  solid  bounded  by  twenty-four  isosceles  triangles. 

Solid  Angles. — It  has  six  eight-faced  solid  angles, 
Pi  Pj,  &c.,  Pg ;   and  eight  three-faced  solid  angles,  Oi 

JEdges. — There  are  twelve  longer  edges  joining  the 
eight-faced  solid  angles,  P^  P^,  Pg  Pg,  P5  P4,  &c.,  and  twenty- 
four  shorter  edges  joining  each  three-faced  solid  angle  to 
three  of  the  eight-faced  solid  angles  Oj  P5,  0,  T^ 
Oi  P„  &c. 

An  infinite  number  of  varieties  of  this  solid  might 
Fig.  32.  cidst ;  only  seven  different  species  have  been  observed  in 

the  mineral  kingdom.    The  forms  vary  from  that  of  the  octahedron  to  the  rhombic 
dodecahedron. 

If  a  triangular  pyramid,  whose  base  is  an  equilateral  triangle,  and  each  of  its  faces 
an  isosceles  triangle,  be  applied  to  each  face  of  a  regular  octahedron,  the  resulting  fonn 
would  be  a  three-faced  octahedron.  For  every  variation  in  height  of  this  triangular 
pyramid  as  wc  may  conceive  it  increasing  in  altitude,  from  the  sur&ce  of  the  octahe- 
dron till  it  arrived  at  such  a  height  that  two  adjacent  triangular  f&deB,  such  as  P,  Oj 
Pj,  and  Pi  O4  P5,  should  lie  in  the  same  plane,  when  the  figure  would  become  a  rhom- 
bic dodecahedron,  we  should  have  a  distinct  three-faced  octahedron.  When  the  three- 
faced  octahedron  is  inscribed  in  the  cube,  the  eight-faced  solid  angles  touch  the  centre 
of  each  face  of  the  cube,  and  the  three-faced  solid  angles  always  lie  in  its  octahedral 
axes. 

Symbols  of  the  Three-faced  Octahedron. — Every  face  of  this  solid  cut8  two  of  th* 
cubical  axes  passing  through'  its  centre,  at  a  distance  equal  to  that  of  its  eight- 
faced  solid  angle  from  the  centre,  and  the  third  axis  produced  at  a  greater  distance. 
If  the  shorter  distance  be  represented  by  1,  and  the  greater  by  «,  where  n  may  be  any 
number  or  fraction  greater  than  1 ;  lln  will  be  the  symbol  for  the  three-&ced  octahe- 
dron. 

Naumann's  symbol  is  nO ;  Miller's  hhky  h  being  greater  than  k ;  and  Brooke  and 

Levy^B  modification  of  Haiiy  A"  or  a". 
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To  draw  the  Three-faced  Octahedron.— l^Qt  the  figure  be  tliat  whoso  symbol  is  11«. 
Describe  a  cube,  A,  A^  A3  &c.,  Ag  (Fig.  33).  Let  Pi  bo  the  centre  of  the  face 
Aj  A2  A3  A4 ;  B5  the  centre  of   the  edge 

Ai  A4.    Take  B5  E  equal  the      ^       th  part 

of  B5  A, ;  that  is  if  «  =  2,  aa  in  the  accom- 
panying figure  (Fig.  33),  take  B5  E  =  Jth 
of  B5  Aj.  Through  E  draw  E  D,  parallel 
to  Ai  Pi,  cutting  A,  C  in  0^.  Through  Oj 
draw  0,  Oj  parallel  to  Ai  A^,  O2  O3  parallel 
to  A2  Aj,  &c.,  as  in  the  preceding  figure  27. 

0,  O2  O3  &c.,  Og  will  bo  the  cube  whose 
centre  coincides  with  that  of  Aj  A2,  &c.,  Ag, 

and 


Fig.  88. 


has  its  edge  Oi  0,  =-^-— ^^  ^^ 

of  the  edge  Ai  A5,  0^  Oj,  &c.,  Og  will  be  the 
points  where  the  octahedral  axes  pass  through  the  three-faced  solid  angles  of  the  threc- 
feced  octahedron  inscribed  in  the  cube.    JoiningP,  0„  Pj  0„  P5  Oi,  Pj  Pj,  &c.,  as  in  Fig. 

34,  the  three-faced-octahedron  will  be  drawn 
inscribed  'in.  the  cube. 

Axes.  —  The  cubical  axes  of  the  three- 
faced  octahedron  are  equal  to  those  of  the 
cube  in  which  it  is  inscribed,  and  they  join 
the  opposite  eight-faced  solid  angles. 


The  octahedral  axes  are  - 


-th  part  of 


2»-|-  1 
the  octahedral  axes  of  the  cube,  and  join  the 
opposite  three-faced  solid  angles ;  and,  as  in 
the  case  of  the  octahedron,  the  rhombic  axes 
are  the  half  of  the  rhombic  axes  of  the  cube, 
Rg.  34.  and  join  the  centres  of  the  opposite  longer 

edges. 

As  n  varies  from  1  when  the  three-faced  octahedron  coincides  with  the  octahedron 
to  00  when  it  coincides  with  the  rhombic  dodecahedron,  the  octahedral  axes  vary  &om 
the  -^^rd  to  the  \  of  the  octahedral  axes  of  the  cube,  or  tho  distance  of  the  point  0  from 
C  Taries  from  the  ^rd  to  the  ^  of  CA,. 

Inclination  of  the  Faces  of  the  Three-faced  Octahedron, — If  0  be  the  angle  of  inclina- 
tion of  any  two  adjacent  faces,  measured  across  the  longer  edge  PP,  then  cos.  0  = 

.  and  if  ^  be  the  angle  of  two  adjacent  faces,  measured  across  the  shorter  edge 

^+1»       «(n  +  2). 

To  describe  a  Net  for  the  Three-faced  Oetahedrm 
whMik  me^  he  inscribed  in  a  given  «tf^.— Describe  a 
squaie,  Pi  Bj  P,  C  (Fig,  35),  haying  its  sides  equal  to 
half  the  edge  of  the  given  cube.  Join  Pj  Pj,  and  Bj 
C  meeting  in  Rj.  Produce  B^  Pj  to  Ai,  and  Pg  C  to 
B, ;  make  Ai  Pj  and  B5  C  both  equal  to  Bi  0.     In 


A 
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'C  B3  make  C  R,  equal  to  C  R„  join  X^  C.     Take  CD  equal  to  — *i—  th  part  of  CPi, 

and  through  D  draw  DE,  parallel  to  X^V^,  cutting  A^C  in  Oi.    Join  PiOi,  OjRj. 

Take  I^  P.  (Fig.  36),  equal  P^  P,  of  Fig.  35,  and  on  it,  as  a  base,  describe  an 
isosceles  triangle,  P,  0,  P^  haying  its  sides  Pj  Oj,  P^  0„ 
equal  to  Pj  Oi  of  Fig.  35. 

Pi  0,  Pj  wiU  be  the  face  of  the  three-faced  octahedron, 
which  may  be  inscribed  in  the  giyen  cube.      And  twenty- 
four  of  these  isosceles  triangles,  arranged  as  in  Fig.  37,  will 
form  a  net  from  which  its  model  may  bo  constructed. 
Forms  of  thrcc-faccd  Octahedron. — The  three- 
faced    octahedron,  whoso  symbol  is  112,    2   0 

of  Naumann,   122  of  Miller,  and  a*  of  Brooke 

and  Levy,  has  its  cubical  axes  equal  those  of 

the  cube  in  which  it  is  inscribed,  its  octahedial 

axes  the  ^th,  and  its  rhombic  axes  half  those 

of  the  cube.     Inclination  of  faces  over  shorter 

edge,  152'  44',    that  of  their  normals  2T  16' ; 

over  the  longer  edge,  141°  3',  that  of  their  nor-  I'^s-  37. 

mals,  38°  57'. 

The  foUotoinff  minerals  present  faces  parallel  to  this  form : — 


Amalgam. 

Fluor. 

Pharmacosidcrite 

Argcntite. 

Franklinite. 

Pjrrite. 

Blende. 

Galena. 

Skuttemdite. 

Cuprite. 

Magnetite. 

SpineUe. 

Diamond. 

PerowBkite. 

Tho  form  113,  3  0  of  Naumann,  133  of  Miller,  and  a^  of  Brooke  and  Levy,  has  its 
octahedral  axis  equal  ^ths  of  those  of  tho  cube  in  which  it  is  inscribed.  Inclination  of 
its  faces  over  shorter  edge,  142"  8',  that  of  their  normals  37°  62* ;  over  the  longer  edge 
153'  28',  that  of  their  normals,  26°  32'.  Cuprite,  Fluor,  and  Galena,  are  the  only  mine- 
rals which  present  faces  of  this  form. 

The  form  11^,  fO  of  Naumann,  233  of  Miller,  and  «'  of  Brooke  and  Levy,  has  its 
octahedral  axes  equal  -fths  of  those  of  the  cube  in  which  it  is  inscribed.  Inclination  of 
faces  over  shorter  edge,  162°  40',  that  of  their  normals,  17°  20' ;  over  the  longer  edge, 
129'  31',  that  of  their  normals,  60°  29'. 

Faces  of  this  form  occur  in  Fahlerz  and  Garnet. 

The  form  114,  4  0  of  Naumann,  144  of  Miller,  and  a*  of  Brooke  and  Levy.    Octa- 
hedral axes  ^ths  of  those  of  the  cube.     Inclination  of  faces  over  shorter  edge,  136^  39* ; 
their  normals,  43°  21' ;  over  longer  edge,  159°  67',  normals,  20°  3*. 
.  Faces  of  this  form  have  been  observed  in  crystals  of  Galena  and  Keratc. 

The  form  11^,  ^0  of  Naimiann,  477  of  Miller,  and  a4  of  Brooke  and  Levy,  has  its 
octahedral  axis  equal  -^th  of  those  of  the  cube.  Inclination  of  faces  over  shorter  edge, 
157°  6',  normals,  22°  55' ;  over  longer  edge,  136°  00,  normals,  44'.  Faces  of  this  fonn 
have  been  observed  on  crystals  of  Galena.  I 

The  form  11^  fO  of  Naumann,  456  of  Miller,  and  a^  of  Brooke  and  Levy,  has  i(s  '. 
octsbcdral  axis  f^ths  of  those  of  tho  cube.  Inclination  of  faces  over  shorter  edge,  170°  I'l 
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tasnnahy  9*  59' ;  over  the  longer  edge  12 1'*  00',  norraak,  69^  00'-     This  fonn  occn™  in 

Q&lCdUL. 

Tlie  form  llf||  f^O  of  Kftiimtum,  64,  6^,  65  of  MillL'r,  and  4Jfi  fjf  Brooke  ondl^Ty, 
fans  its  octahedral  axes  -^^th  of  those  of  the  cuhe,  Inelhmticm  of  fibcta  orcr  shorter  edge, 
W  17',  normala,  0''  43' ;  over  longer  odgo,  110^  18%  nonnal^,  R9'  42'.  ThiH  thrt'o- 
&4!cd  octaBodron  approximates  very  oloselj  to  the  oetahedruiif  and  ha»  only  bwn 
observed  on  somtj  crystalu  of  Alum. 

Tli#  Twenty ~£f>iu:  F«.ced  TxaipesoIi.«dxoii>— Thk  form  is  eiilled  the  two&tj>» 
fi]iir-fiLC!cd  btip'UZohDdrotif  or  deltohedroTii  bec^uae  it  )ms  twenty-four  facoB»  each  of  the 
fomi  of  the  figure  ealJed  a  Ueltoid  or  trapezium.  It  is  known  also  by  the  oaincs  of  Uic 
imiitessaruhedmn  ;  and  being  a  characteriitic  cryata]  of  the  niincral  leucite,  it  has  been 
Eolled  ieuti(oid. 

Faces, — This  form  is  boimdcd  hy  twenty-four  cfjunl  and  sim.ilar  deltoids^  or,tmp0- 
dumsj  auch   as  the  flgruro  P,  11^  Oj  Ej,  -which  has  the 
flid{^  P^  R^  cqud  P^  Rj,  and  E^  0^  ^  R,  Oj,  the  angle 
Pj  R^  0  =  angle  P,  R^  0„  but  the  angle  R*  Pj  R,  not 
equal  to  the  angle  R4  0^  P^ 

Salid  AIiffk^(. — It  has  six  four-faeed  eolid  onploBt 
Pj  l\f  Sec,  Pji  which  touch  the  centres  of  the  facca  of 
the  cube  in  whieh  it  is  inscribed,  at  the  extremities  of 
the  cubical  axes. 

Twelve  four-faced  solid  angles  Rj  Rat  ^<^-i  ^m  which 
alwayi  lie  in  the  rhombic  axes  of  the  cube  in  which  it 
ia  inscribed.  Eight  tbrec-faccd  solid  angles,  Oj  On, 
kt,j  0„  wHch  are  always  the  octahodral  axes  of  the  cube  in  which  it  is  inscribed. 

Edges. — The  cdgoa  are  twenty- four  longer,  joining  the  four-iUced  solid  angles,  which 
terminate  tbc  cubical  a^xd  rhombic  axes,  such  as  P^  R^,  1%  R,,  P^  R^,  &<■,,  and  twenty- 
foTjr  shorter,  joining  tlic  four-faced  BoHd  auglea  which  tertrtinate  the  rhombic  axes  to  the 
thifflc-faecd  solid  angles  which  terminate  the  octahedral  ax<?fl,  as  0,  Rj,  0^  R„  0^  P^y  &c. 

S^mbok, — Every  face  of  this  form  eutfi  one  of 
tibe  cubical  axes  at  a  dislauce  from^  its  centre, 
equal  CPj  and  the  other  two  axe3  produced  at 
equal  diatauccs  greater  tlian  CP. 

Taking  the  lesser  distanc^^  as  1,  and  t^e  other 
two  ad  ffl,  where  «i  may  be  any  whole  number 
or  ^faction  greater  than  unity,  the  symbol  which 
ci^resaca  Hus  relation  of  the  faces  to  the  cubical 
axes  will  he  1mm,  Naumatin's  gyinbal  k  mOm  ; 
Miller's  Mk,  h  being  less  than  k;  Brooho 
and  Levy's  modificatiork  of  Ilauy,  A'"  or  rt*'*, 
where  m  is  greater  than  1.  j,^„  r-^ 

To  Braw  l/i^Ji^ftti'*.— Describe  a  cube  A^  A^, 
4c,,  At  C^ig.  39],  with  its  cubical  axes  CP„  jCPu,  &0. ;  octahedral  axes  CA,,  CA^  J^c, 
ud  rhombic  axes  CB^  CE,,  &c.,  CB^.^. 

TiOio  E  in  Ba  A^,  so  that  Bj  E  =  ^^"2*^  ^^  ^^  ^*  ^^ '  ^^  ^'  ^^^  *^'**  ^^  ^~ 

^^j^_th  part  of  Ba  Aj. 


Aj 
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Thus  if  m  =  2  B^  E  =  }  <>r  ^  of  Bj  A^,  and  B^  G  ^|  ofBi  A^,  if  «i  ^  3B,1 
=  |of  Bj  A„  itnd  Bi  G  =  I  of  B^^  Aj. 

la  CPi  take  CD  =s  B^  E,  and  CF  =^  B^  G- 
Job  FG  And  BE,  the  kttcir  cuttiiLg  CA|  in  0^> 

Tbrou^  Oi  draw  Oj  0«  pajiiUcl  to  Aj  A^ 
cutting  GA,  In  0^,  0^  A^  poraUcl  to  A^  Ag,  cut* 
ting  C Aj  in  0.^^  and  so  on  till  a  tinbe  Oj  0^^,  &c., 
0|f  ii  imcribcd  in  tlio  cubo  A^  A^^  4ic.y  A,  with 
its  edg£»  psmJIel  to  it. 

Through  tJno  point  whor^  FG  outa  GA,,  dra^ 
liiica  pttroUol  to  A]  A^  and  Aj  A^  to  meet  CA^  and 
CA^T  and  iKiniplfti*  tho  cubc^  of  irhieh  thcae  two 
lincfl  will  be  cdgcA. 

Let  Rj  R.,  &e.j  R^^,  bo  the  points  where  ttc 
lini?s  OBx«  C  B^  kc.y  CB|.^  tut  the  odges  of  thk  cubo. 

"Sow  join  tha  points  PR  and  0  oa  ihown  in  Fig,  if^,  tmd  I^g  ncstillnig  ^trm  wiQ  lie 
a  repronontation  of  tho  twenty -four-fkced  trapes  ohedroa  inscribed  in  m  cubo, 

A^*. — The  eubicol  axes  of  thk  trapefohcdroti  eoineide  with  those  of  tbo  cnbe  in 
whlih  It  is  micnbcd,  waA  jom  the  opposite  four-fiified  aoM  anglee^  Fj  V^  &c,  P|^  Tli^ 

oetahi?draI  oxca  trc  th^  — TTo^  ^^^^  ^^  tluoae  of  the  eu^,  and  join  the  oppodte  three- 
(aei^d  anjflrt  Oj  O^^  tf*.,  O^. 

The  t-hombie  axea  an>  the  — -|— ;th  part  of  thoao  of  the  Qub«f  aad  join  the  oppoii^ 

fonr-f:ieed  angW  R|  Rj»  ^.,  R^^. 

liifUtmimft  of  AifffKtHi  Faeet — If  9  be  the  an^e  of  ineRnalion  of  two  adjacent  face^ 
mco^Uftd  o^er  thu  edgv?  FH,  joiniDj^   th&  cxtrcniities  of  thf*    i3iombic   and  cubidl 


aie^T  cw.  9  ^^  - 


M^+: 


and  if  9  W  the  angle  of  Inclination  mea^ut^  otgt  the  edge 

2III  +  1 


lIR.  jolmng  the  extiemitii:^  of  the  xhombic  and  octahcdcal  axes,  co^ .  ^  ^ 


»"-h3 


Zimifn  tif  t^€  Arm. — ThLs  form  Tsriea  aa  «  inerta^cs  ^mn.  1  to  en  ioftnitel j  greit 
number,  ^m.  that  of  ihe  iVtuhediti^n  to  that  of  the  cube.  Xn  this  oaae  &  increajei 
tarn  109'  2S*  to  ISO'',  and  ^  dectieaaea  &ota  ISO^  t<!»  9<^ ;  die  octaliednl  a^ea  ^tm  tlt£ 
|rd  to  the  whoU\  and  the  rhi)iiibii?  from  th^  |  to  the  whoU  of  the  eodc^ponding  $x& 
of  the  ciibe,  in  which  the  figure  can  be  inscribed. 

€V.V.— Dc^'riK*  a  f«|nare  P^  B,  P^  C  (Fie,  -11%  haTBig  one  of  ita  aidca  equal  half  lie 
ed*K*  of  the  piren  enbe.    Join  CB;^,  ptvi^hiee  Pj  C^ 
and  Bt  Pi  t^'  B^  and  A.^. 

Makv*  CB^  and  Tj  A^  equal  CB^,    Ji^in  A^  B^ 

md  CX,     T^  CD  =  -^  OF,.  CF  =  -^ 

Praw  DF.  aad  Fd  puaRd  to  A^  B^,  f%.  41- 
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Let  Oi  be  the  point  where  ED  cuts  A^  Ci,  and  Rj  the  point  where  FG  cuts 
CB. 

Take  CR^  in  CB^  equal  to  C\.    Join  P^  Rj,  R^  Pg,  Pj  0^  and 

Draw  a  line  Pi  Oi  (Fig. 
42),  equal  Pi  Oi  of  Fig. 
41,  and  on  it  describe  a 
triangle  having  its  sides 
Pj  Ri  and  Oj  Rj  equal  to  Pi  Ri,  and  Oi  R^ 
of  Fig.  41.  Describe  a  similar  and  equal 
triangle  Pi  R4  Oi  on  the  other  side  of  Pj  Oi. 

Then  Pi  Rj  Oi  R4  will  be  a  face  of  the  ^  43 

required  twenty-four  faced  trapezohedron ; 
and  twenty-four  of  these  being  arranged  as  in  Fig.  43,  will  form  the  net. 

Forms  of  the  Twenty-four  faced  Trapezohedron.— Th.Q  form  122,  2  0  2  of  Naumann, 
112  of  MiUer,  and  a*  of  Brooke  and  Levy,  has  its  octahedral  axes  ^,  and  its  rhombic 
axes  ^  of  the  corresponding  axes  of  the  cube  in  which  it  can  be  inscribed.  Inclinati(Hi 
of  faces  over  any  edge  PR,  131°  49',  of  their  normals  48=*  11';  over  any  edge  OR 
US'*  27',  normals  33°  33'. 

Crystals  of  thefollotcing  minerals  have  faces  parallel  to  this  form:— 


Amalgam. 

Fahlerz. 

Pyrite. 

Argeatite. 

Franklinite. 

Pyrochlore. 

Analcime. 

Fluor. 

Sal  ammoitiac. 

Boracite. 

Gold. 

SodaUte. 

Cuprite. 

Galena. 

Smaltlne. 

Dufrenoysite. 

Garnet. 

Tennantite. 

Eulytine. 

Leucite. 

The  form  133,  3  0  3  of  Naumann,  113  of  Miller,  and  a^  of  Brooke  and  Levy,  has  its 

octahedral  axes  ^,  and  rhombic  f  of  those  of  the  cube.     Inclination  over  PR  144°  54' 

normals,  35°  6' ;  over  OR  129°  31',  normals  50°  29'.     It  occurs  in 

Blende.  Gold.  Perowskite. 

Copper.  Galena.  Pyrochlore. 

Fahlerz.  Magnetite.  Spinelle. 

Fluor.  Pyrite. 

.    The  form  Iff,  f  Of,  of  Naumann,  223  of  Miller,  and  «f  of  Brooke  and  Levy; 

octahedral  axes  t^,  rhombic  |.     Inclination  over  PR  121"  58',  normals  58"*  2* ;  over  OR 

160°  15',  normals  19°  45'.     It  occurs  in 

Argentite,  Gold,  and  Tennantite. 

The  form  1  f  i,  4^  0  ^  Naumann.  334  Miller,  and  ai  Brooke  and  Levy,  octahedral 
axes  I,  rhombic  f  Inclination  over  PR  118°  4',  normals  61°  56',  over  OR  166°  4', 
normals  13°  56'.     Occurs  in  Galena. 

The  form  1  f  f ,  f  0  f  Naumann,  449  MiUer,  and  af  Brooke  and  Levy,  octahedral 
axes  T^,  rhombic  -^.  Inclination  over  PR  1 37°  48',  normals  44°  12*,  over  OR  141°  9', 
normals  38°  51'.    Occurs  in  Perowakite. 

The  form  1  4 1,  |  0  |  Naumann,  338  Miller,  al  Brooke  and  Levy,  octahedral 
axes  4,  rhombic  ^.  Inclination  over  PR  141°  18',  normals  38°  42' ;  over  OR  134°  2', 
nonnalB  45°  58'.     Occurs  in  Fluor. 

The  forms  144,  1  10  10,  1  12  12,  1  16  16,  and  1  40  40,  whose  octahedral  axes  are 
iwpectively  f ,  i,  ^  |»  and  §J,  of  those  of  the  cube  in  which  they  «ie  \x^s^\^q^  «b^ 
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rhomHc  axc»  thft  4S,  |^,  -fj,  ff,  and  ^^.  Their  rcsi)cctive  inclinations  over  PR  being 
U2'  44',  168^  08',  172'  52',  and  177'  8' ;  over  OR  120'  00*,  101^  oS*,  99'  52*,  97'  21', 
and  92'  54',  tho«o  of  the  normals  of  the  former  being  27'  16',  11'  22',  9'  30',  7'  8',  and 
2'  52' ;  of  the  latter  60"  00*,  78'^',  80'  8',  82'  39',  and  87'  6'.  144  occum  in  Kcrite. 
1  10  10,  and  1  16  16  in  Magrictite,  1  12  12  in  Blende,  and  1  40  40  in  Fharmacoddnite. 

The  Fonr-F&ced  Cnbe,  ealled  abo  the  pyramidal  cube  and  UtrakU-kexahedron. 
Beinj^  a  characteristic  fonn  of  fluor  spar,  Ilaidinger  gave 
it  the  name  of  Fluoride. 

ynctA. — This  form  is  bounded  by  twenty-four  equal 
and  similar  isosceles  triangles.  As  the  three-faced  octa. 
hcdron  may  bo  derived  from  the  octahedron  by  placing  on 
every  fart^  of  the  octahedron  a  pyramid  with  three  trian- 
gular fiiccH  on  a  triangular  base  equal  to  the  face  of  the 
octiiliodron,  ho  this  form  may  be  derived  from  the  cube  by 
placing  on  every  face  of  the  cube  a  pyramid  with  foup 
isosceles  triangles  for  its  faces,  on  a  square  base  equal  to 
the  face  of  the  cube. 

Solid  AmjUn, — It  lias  six  four-faced  solid  angles,  P^  Po,  &c.,  P,,  which  touch 
the  centres  of  the  faces  of  the  cube  in  which  it  is  inscribed,  at  the  extremities  of  the 
cubical  axes. 

Eight  six-faced  solid  angles,  Oj  0.^,  &c.,  Og,  which  always  lie  in  the  octahedral 
axes  of  the  cube  in  which  it  is  inscribed. 

iv((fy«.t.— Tliero  are  twelve  longer  equal  edges  (Oj  0^,  0._,  Og,  &c.)  joining  the  six- 
faced  solid  angles  together,  and  twenty-four  shorter  equal  edges,  P^  0^  Pi  0,,  &Co 
joining  the  four-faced  solid  angles  with  the  six-faced  ones. 

jSyw.^'/.*.— Kvery  face  of  this  form  cuts  one  of  the  cubical  axes  at  a  distance,  CP 
(Fig.  4«5)«  from  its  centre,  another  axis  at  a  distance  m  times  CP  from  the  centre,  and 
is  pnrallcl  to  the  third  axis;  m  may  be  any 
whole  number  or  any  fraction  greater  than  one. 
Taking  CP  =  1»  the  symlwl  which  will  repre- 
sent this  relation  is  1  m  «  .  Xaumann's  symbol 
is  ocOm,  Miller's  hl\\  and  Brooke  and  Levy's 
moiliAcation  of  IUuy«  *•*•  or  B*. 

To  drntc  t/i^  Fonr'/tftd  CW^.  —  Describe 
a  culv  A,  A.,  &e..  A,  (Fig.  4o\  with  its 
iK'tnlunlml  axes  .V^  \^  A^  A,»  &c,,  meeting  in  C, 
and  its  rhv^mlno  axes  Rj  B^^,  B,  B^  &c. 


T«b>  K  iu  B^  Ap  $othat  B«  £  = 


CK   M^ 


m+l 

Thus,  if  «  =  2  B.K  =  i  CA..  Fi«.  45. 

Thtts.if«=:SB,K  =  |CA, 

In  OPj  t«ko  CD  =  B,  K    Join  DE.  eutdnir  CA.  in  O.. 

ThfvHigh  0.*  drtw  O.  0,  j>ariV.cl  to  Ai  Aj.  catting  CA*  in  O^  Through  0.  draT 
O.  i>,  pMnalM  to  A*  A^  cattiiur  CA,  in  0, ;  and  «>  ob.  till  a  cube  O,  O^,  &c.,  0$,  is 
insv^riSci^  m  tho  oxibo  A;  Aj«  ^\»  A^  with  its  c<i«w  rtjual!*!  to  it. 

,Kv;n  tho  |\Mnt^  P;  O  ,  P.  Oj.  JLv..  as  ir.  Fir>  4\  asi  tic  i^solting  figure  will  be* 
rvY^'«f^?'i»tiHHi  \^  tk<^  ^Hifv^ncipd  w.K"'  iastcribed  in  a  c::l»c, 

-f  :w.— Hi^  cubical  *»«.  P;  P*.  P.  P^  a&d  P,  P,  rf  tbe  Ik^sr-fiircd  cube  coincide 
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Trith  those  of  tho  cube  in  which  it  is  inscribed,  and  join  the  opposite  four-faced  solid 
angles,  P^  Pj,  &c.,  P^. 

The  octahedral  axes  are  the  — x~i*^  ^^^  ^^  those  of  the  cube,  and  join  the  oppo- 
site six-faced  solid  angles,  0^  O.^  &c.,  0,. 

The  rhombic  axes  arc  the  — x~i^  P^^  of  those  of  the  cube,  and  join  the  centres  of 

the  opposite  longer  edges,  O^  Oj,  Og  O7,  &c. 

Inclination  of  Adjacent  Faces. — If  B  be  the   angle   of  inclination  of  two  adja- 
cent faces,  measured  over  the  edge,  joining  the  extremities  of  the  octahedral  axes, 

such  as  Oi  0,,  cos.  e  z=.  —y- — ^^ ;  and  if  tp  be  the  angle  of  inclination  measured  over 

1  ~j-  w 

the  edge  joining  the  extremities  of  the  octahedral  axes  with  those  of  the  cubical,  such 

as  Pj  Oi,  then  cos.  ^  =z  - — j -,. 

1  -J-  ni' 

Limits  of  the  Form, — The  four-faced  cube  varies  as  m  increases  in  magnitude, 

from  1  to  00 ,  from  the  rhombic  dodecahedron  to  the  cube.     In  this  case  0  decreases 

from  180°  to  90°,  and  <p  increases  from  120°  to  180°.     j^^  p^  ^^ 

The  octahedral  and  rhombic  axes  increase  from  the  \      T       "  ""  ' 

to  the  whole  of  the  corresponding  axes  of  the  cube  in    e  " 

which  the  figure  can  be  inscribed. 

To  construct  a  Net  of  the  four-faced  Cube  which  can  he 
inscribed  in  a  given  Cube. 

Describe  a  square,  P^  Bi,  Pj  C  (Fig.  46),  having 
one  of  its  sides  equal  half  the  edge  of  the  given  cube. 

Join  CBj.     Produce  Po  C,  and  Bj  Pj  to  B4  and  Ai.     Make  CB^  and  P^  k^  both  equal 
CBj. 

Join  Aj  B5,  and  Aj  C. 

TakeB,E  =  ~-:rAiB,. 

Through  E  draw  ED  parallel  Aj  P^,  cutting  Ai  C  in  Oj.    Join  ^, 
PiOi.  Fig.  47. 

Draw  a  line,  Pi  P.^  (Fig.  47),  equal  CBp  or  Pi  Pg  of  Fig.  46.     On 
this  base  describe  an  isosceles  triangle  Oi  Pj  Pj,  having  each  of  its  sides,  Pj  Oi,  0^  Po, 
equal  P^  Oj  of  Fig.  46. 

Pi  Oi  Pj  will  be  a  face  of  the  required  four- 
faced  cube ;  twenty-four  of  these  faces  being 
arranged  together,  as  in  Fig.  48,  will  form  the 
required  net. 

Forms  of  the  four-faced  cube. 

The  form  12qo,  00  02  of  Naumann,  210 
Miller,  and  P  of  Brooke  and  Levy,  has  its 
octahedral  and  rhombic  axes  f  of  those  of  the 
cube  in  which  it  is  inscribed.     Inclination  of 

faces  over  any  edge,  such  as  Oj  O2 143°  8'  of  *'^i»'»  ^^* 

their  normals  36°  62';  over  any  edge,  such  as  P^  0^  143°  ft'  Tvotm^^a^^''  ^"H  : 


Fig.  46. 
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Crystals  of  the  following  minerals  have  faces  parallel  to  this  form: — 

Argentite.  Fluor.  Garnet.  percylite. 

Copper.  Gold.  Magnetito.  Salt. 

Cobaltine.  Gersdorffite.  Pyrltc.  Silver. 
Cuprite. 

The  form  13oo ,  oo03  Naumann,  310  Miller,  P  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  %  of  the  cube  ;  inclination  over  OjOo  126°  52',  normals  53°  8';  oyer 
PiOj  154°  9',  normals  25"*  51'.     It  occurs  in 

Amalgam,  Fahlerz,  Fluor,  Hanerite,  and  Pyrite. 

The  form  If » ,  ooOf  Naumann,  320  Miller,  bi  Brooke  and  Levy,  has  its  octa- 
hedral and  rhombic  axes  f  of  the  cube,  inclination  over  Ofi^  ^^7°  23',  normals  22°  37'; 
over  P^Oi  133°  49',  normals  46°  11' .    It  occurs  hi 

Argentite,  Blende,  Diamond,  Pyrite,  and  Perowskite. 

The  form  If  oo ,  oo  Of  Xaumann,  520  Miller,  b'^  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  f  th  those  of  the  cube,  inclination  over  Ofi^  133°  56',  nomiftls  46°24'; 
over  PjOi  149°  33',  normals  80°  27'.     It  occurs  in 

Copper  and  Fluor. 

The  form  1^^  oo ,  oo  Of  Naumann,  430  Miller,  and  h"s  Brooke  and  Levy,  has  its  octa- 
hedral and  rhombic  axes  fth  those  of  the  cube,  inclination  over  Ofi^  163°  44',  normals 
16°  16  ;'  over  Vfi^  129°  48',  normals  50°  12'.     It  occurs  in 

Diamond  and  Perowskite. 

The  form  14oo ,  oo04  Naumann,  410  Miller,  and  b^  Brooke  and  Levy,  has  its 
octahedral  and  rhombic  axes  f  of  the  cube,  inclination  over  0^  O2  118°  4',  normals 
61°  56' ;  over  P^  0^  160°  15',  normals  19°  46'.     It  occurs  in 

Cobaltine  and  Silver. 

The  form  l^oo ,  ooO^  Naumann,  540  Miller,  b^  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  f  th  of  the  cube,  inclination  over  edge  Ofi.^^  167°  19',  normals  12°  41'; 
oyer  edge  P^  0^  127°  34',  normals  52°  26'.     It  occurs  in 

Perowskite. 

The  form  15oo ,  oo05  Naumann,  510  Miller,  b^  Brooke  and  Levy,  has  its  octahedral 
and  rhombic  axes  f  of  the  cube,  inclination  over  0^  O2  112°  38',  normals  67°  42',  over 
Pi  Oi  164°  4',  normals  25°  51'.     It  occurs  in 

Cuprite. 

The  form  l^oo  approaches  nearer  to  the  rhombic  dodecahedron,  and  the  form  15oo 
to  the  cube,  than  any  of  the  other  forms  which  have  been  described  as  occuring  in 
nature. 

Six-faced  Octahedron. — The  six-faced  octahedron,  called  also  the  hexakisoeta- 
hedron,  tetra-kontaoktdedron^  pyramidal-granatohedron,  triagonal  polyhedron.  Being  a 
characteristic  form  of  the  diamond,  Haidinger  named  it  Adamantoid. 

Faces f  Edges,  and  Solid  Angles. — The  six-faced  octahedron  is  bounded  by  forty- 
eight  equal  and  similar  scalene  triangles,  such  as  P^  0^  R^,  Pj  0^  B4,  &c.    It  ^ 
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Fig.  49. 


six  cight-facod  8olid  angles,  Pj  P.^  &c.,  P.,  whose  apices  terminate  the  cubic  axes  and 
touch  the  faces  of  the  cube  in  which  the  figure  can  be 
inscribed.  Eight  six-faced  solid  angles,  0^  Og,  &c.,  Og, 
whose  apices  always  lie  in  the  octahedral  axes,  and  twelve 
four-facod  solid  angles,  Rj  P^  I^a.  &c.,  Rj^j  ^^ose  apices 
always  lie  in  the  rhombic  axes  of  the  cube  in  which  the 
six-faced  octahedron  can  bo  inscribed.  It  has  twenty- 
four  long  edges.  Pi  0^,  Pi  0,,  &c.,  P<,  Og,  joining  the  apices 
of  the  eight-faced  and  six-faced  solid  angles,  twenty-four 
intermediate  edges,  Pi  R4,  P4  Pj,  &c.,  joining  the  apices  of 
the  eight-faced  and  four-faced  solid  angles,  and  twenty- 
four  short  edges,  Oj  Ri,  Oi  R4,  Oj  R,,  &c.,  joining  the  apices 
of  the  six-faced  and  four-faced  solid  angles. 

Sytnboh  for  the  Six-faced  Octahedron, — ^Every  face  of  the  six-faced  octahedron, 
if  produced,  wiU  cut  three  of  the  cubical  axes  produced  in  three  points  at  unequal 
distances  from  the  centre  of  the  axes.  Thus,  in  Figs.  49  or  50,  the  face  Oj  R5  P 
produced  cuts  the  axis  C  Pg  at  the  point  P2,  the  axis  C  P^  produced  at  a  distance  ^  of 
C  P J,  and  C  Pi  produced  at  a  distance  three  times  C  P^  from  C,  the  centre  of  the  axes 
and  figure.  Similarly,  every  face  of  the  figure  cuts  one  axis  at  a  distance  C  P,  another 
produced  at  f  of  C  P,  and  the  third  cubical  axis  produced  at  a  distance  three  times  C  P. 
Taking  C  P,  the  distance  of  the  centre  of  the  figure  from  the  apex  of  one  of  its 
eight-faced  solid  angles,  as  our  unit,  the  symbol  which  will  represent  this  relation 
of  the  faces  to  the  cubical  axes  will  be  1,  f,  3.  The  general  symbol  will  be  1,  m,  m> 
where  m  and  71  are  any  whole  numbers  or  fractions  greater  than  one,  and  m  less  than  n. 
Naumann*s  symbol  is  m  0 ;?,  Miller's  h  k  /,  /»,  k  and  /  being  all  three  whole  numbers ; 

and  Brooke  and  Levy's  modification  of  Haiiy,  B'*  B*  B  ">  or  ^*>  **,  ^' 

To  draw  the  Six-faced  OctaJiedron^  wJtose  symbol  is  1,  w,  n. 

Describe  a  cube  Ai  Ag,  &c..  A,  Ag  (Fig. 
5(J)  with  its  octahedrfld  axes,  C  Ai,  C  Ao,  &c. 
C  Ag,  rhombic  axes  C  Bi,  C  B.^,  &c.  C  Bio,  and 
cubic  axes  C  Pj,  C  Pj,  &c.  C  Pg ;  only  one  of 
tlie  latter,  C  Pj,  is  shown  in  Fig.  52,  in  order 
not  to  crowd  the  figure  unnecessarily. 

Take  a  point  E  in  B^ 
1 


B,E=: 


14-  ^4-^ 


B,Ai 


For  the  form  1,  ^,  3  B^E^-^,    ^    .    , 
B,  Ai  =  ^  B,  Ai,  or  B,  E  =  i  B,  Aj. 


1 

1-t-J 

1 

Join  Pi  Ai  and  C  B^ ;  through  E  and  G,  draw  E  D,  and  E  F  parallel  to  Aj  Pi  or  B^  Cj 
Let  E  D  cut  CAi  in  Oi.      Through  Oi  draw  Oj  parallel  to  Ai  Ao,   cutting  C  A^ 


B.G  = 


For  the  form  1,  ^,  3  B^  E  =     — -~ 
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inOg;  Oj  O3  parallel  to  Aj  A3,  cutting  C  A3  iaOg,  and  so  on,  till  a  cube  Oj  Oj,  &c.,  0,, 
is  inscribed  in  Ai  A^,  &c.,  A. ;  haying  C  Oi  C  Og,  &c.,  C  Og  for  its  octahedral  axes. 

Similarly,  commencing  from  the  point  where 
F  6  cuts  C  A^,  draw  another  cube  whose  edges  are 
parallel  to  the  one  just  described,  and  haying  C  B^ 
C  R,,  0  R3,  &c,,  C  B12  ^^^  ^^  rhombic  axes,  as 
shown  in  Fig.  50.  Join  the  points  Pj  Oj,  Oj  B4,  Pj 
R4,  &c.,  as  shown  in  Fig.  51,  and  the  six-faced  octa- 
hedron will  be  drawn,  with  all  its  axes  inscribed 
in  a  cube.  In  this,  as  in  the  preceding  forms,  if 
it  is  only  required  to  show  the  form  itself^  as  in 
Fig.  49,  the  Figure  61  may  be  first  drawn  in 
pencil,  and  the  outlines  of  the  form  being  drawn 
in  ink,  the  other  lines  may  be  rubbed  out.  The 
form  drawn  in  Figs.  49  and  51  is  that  whose 
symbol  is  1,  ^,  3,  but  the  student  is  advised  to  draw  for  himself  some  of  the  other  fonns 
which  occur  in  nature  of  the  six-faced  octahedron,  in  order  to  familiarise  himself  with 
the  different  properties  of  the  figure,  and  its  relations  to  the  axes  of  the  cube  in  which 
it  is  inscribed. 

Axe*  of  the  Six-faced  Octaliedron. 
The  cubical  axes  of  the  six-faced  octahedron  join  the  opposite  eight-faced  solid 
angles,  and  are  equal  to  the  cubical  axes  of  the  cube  in  which  it  is  inscribed. 

The  octahedral  axes  join  the  opposite  six-faced  soHd  angles,  and  are  equal  to  the 

1  -L  ^  a^  1  *^  P^  °^  ^®  octahedral  axes  of  the  cube  in  which  the  figure  is  inscribed. 
in       u 
The  rhombic  axes  join  the  opposite  four-faced  solid  angles,  and  are  equal  to  the 

ith  part  of  the  rhombic  axes  of  the  cube  in  which  the  figure  is  inscribed. 


1 

m 

Inclination  of  the  Aojacent  Faces. 

If  6  be  the  angle  of  inclination  of  two  adjacent  faces  over  the  edge  P  0  (Figs.  49 

and  51),  joining  the  eight-fEuied  and  six-faced  soHd  angles, 

Cos.  e  = 


»>»•*       n^ 


If  ^  be  the  angle  of  inclination  over  the  edge  OE,  joining  the  six-faced  and  four- 
faced  solid  angles, 


Cos.  <t>  •=. 


If  4^  be  the  angle  of  inclination  over  the  edge  RP,  joining  the  four-faced  and  eight- 
faced  solid  angles, 


«|2         II 
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Limits  of  the  Form  of  the  Six -faced  Octahedron, 
The  six-faced  octahedron  may  be  regarded  as  the  most  general  form  of  the  cuhical 
system,  and  that  from  which  all  the  others  may  be  easily  derived,  Thus,  as  m  and  n 
approach  in  magnitude  to  imlty,  the  six-faced  octahedron  approximates  to  the  octahe- 
dron ;  and  when  m  and  n  are  both  equal  to  unity,  it  becomes  the  octaliedron.  In  this 
ease,  the  six  faces  forming  the  six-faced  solid  angle  all  lie  in  the  same  plane,  and  the 
edges  Pj  R^  and.Bf  P,  lie  in  the  same  line. 

As  m  and  n  both  increase  in  magnitude  and  in  equality  to  each  other,  the  six-faced 
octahedron  approximates  to  the  cube ;  and  when  m  and  n  are  both  infinitely  great  it 
becomes  the  cube.  In  this  case,  the  eight  planes  which  form  each  eight-faced  solid 
angle  alllie  in  the  same  plane,  and  the  edges  0^  E4  and  R4  O4  lie  in  the  same  line. 

As  m  approaches  to  unity  while  n  increases  in  magnitude,  the  six-faced  octahedron 
approximates  to  the  rhombic  dodecahedron ;  and  when  m  equals  unity,  and  n  is  infi- 
nitely great,  it  becomes  the  rhombic  dodecahedron.  In  this  case,  the  four  planes  which 
form  each  four-faced  solid  angle  lie  in  the  same  plane. 

When  m  equals  imity  while  n  remains  finite,  the  six-faced  octaliedron  becomes  the 
three-faced  octaliedron ;  and  the  planes  on  each  side  of  the  edge  RO  lie  in  the  same 
plane. 

When  m  and  n  are  equal  to  each  other,  both  finite  and  greater  than  imity,  the  six- 
faeed  octahedron  becomes  the  twenty-four-faced  irapezohedron  ;  and  the  planes  on  each 
side  of  the  edge  PO  lie  in  the  same  plane. 

When  m  remains  finite,  and  n  becomes  infinite,  the  six-faced  octahedron  becomes 
the  four-faced  cube,  and  the  planes  on  each  side  of  the  edge  PR  lie  in  the  same  plane. 

All  the  formula  for  the  axes  and  the  inclination  of  the  faces,  &c.,  for  all  the  holo- 
liedral  forms  of  the  cube  may  be  derived  from  those  of  the  six-faced  octahedron,  by 
substituting  ^  for  m  and  w,  for  the  cube  ;  1  for  m  and  n  for  the  octahedron ;  1  for  m 
Mid  J  for  n  for  the  rhombic  dodecahedron ;  1  for  m  for  the  three-faced  octahedron ;  m 
for  n  for  the  twenty-four-faced  trapezohedron ;  and  ^  for  n  for  the  four-faced  cube. 

To  describe  a  Net  for  the  Six-faced  Octahedron  which  may  be  inscribed  in  a  given  Cube, 

Describe  a  square,  Pj  Bi  P2  C  (Fig.  62),  having  one  of 
its  sides  half  the  edge  of  the  given  cube.    Join  CBi. 

Produce  Bi  P^  to  A^,  and  Pj  C  to  B5. 

Make  Aj  Pj  and  C  B,  both  equal  C  Bj.  JoinAi  Bg  and  Ai  C. 

TakeB5E=: ^  "^    *    — ^ '^  ^ —      ^ 


i+-i  + 


j  B5  A,  and  856  = 


BsV 


in- 


Through  G  and  E  draw  G  F  and  E  D  paiallel  to  A,  P,. 


^t 


Fig.  52. 


Tig.  58. 


Fig,  54. 


E  D  cut  Aj  C  inO„  and  G  F  produced  cut  C  Bj  in  R^  Join "P^  0^,1?  v'^v^^sA^v'^  «j. 
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In  C  B5  take  C  R5  equal  C  R,  and  join  R5  Oi. 

Then  draw  a  line  Oj  Pj  (Fig.  53),  equal  0^  Pj  (Fig.  52)  on  Oi  Pj  (Fig.  63),  as  a 
base,  describe  a  triangle,  0,  R  Pi,  having  its  side  0^  R  equal  to  0^  R,  (Fig.  62),  and  the 
side  Pi  R  equal  to  Pi  Ri  of  Fig.  52,  then  0,  R  P,  will  be  a  face  of  the  required  figure. 

Forty-eight  such  faces  arranged  together,  as  in  Fig.  54,  will  form  the  required  net 
from  which  a  model  of  the  six-faced  octahedron  can  be  formed,  which  can  be  inscribed 
in  the  given  cube. 

Forms  of  the  Six-faced  Octahedron  which  occur  in  yature. 

The  form  1,  f ,  f  whose  symbols  are  ^  0  f ,  Xaumann  ;  5, 4, 3,  Miller ;  and  rf,  b\  b^y 
Brooke  and  Levy,  has  its  octahedral  axes  -jVth  and  rhombic  ^th  those  of  the  cube  in 
which  it  is  inscribed. 

Cos.  e  =  |§  e  =  168'  31',  cos.  <^  =  ^  <^  =  168'  31'  cos.  ^  =  fj  >p  =  123'  48'. 

Inclination  of  normals  of  faces  whose  inclinationB  to  each  other  are  0  ^  and  -^  res- 
pectively, ir  29-,  \V  29',  and  50=  12'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Pyrite. 

The  form  1,  ff,  64  ;  64  0  ff,  Xaumann ;  64,  63,  1,  Miller ;  3^,  ii^,  *^,  Brooke  and 
Lev}-.     Octahedral  axes  =  \  ;  rhombic  =  -j^^. 

Cos.  e  =  ^^  e=  121' 34';  C03.<^=|MI<^=179'6';  cos.^zufgf^  t^zrUSMS'. 
Inclination  of  normals  58'  26',  0"*  54',  and  V  17'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Garnet. 

The  form  1,  |^  2  ;  20|,  Naumann ;  4,  3,  2,  Miller;  and  b\,  J^,  h\,  Brooke  and  Levy, 
Octahedral  axes  ^  and  rhombic  4- 

Cos.  e  =  ff,  e  =  164'  bo' ;  cos.  <^  =  ||,  <^  =  164'  55';  cos.  ^  =  |^,  ^z=i  136'  24" 
Inclination  of  normals,  15'  5',  15'  5',  and  43'  36'. 

Faces  parallel  to  this  form  occur  in  crj-stals  of  Liimeite. 

The  form  1,  ||,  y ;  y  0  fj,  Xaumann;  15,  11,  7,  Miller;  and  b^^,  b\  ft- 
Brooke  and  Levy ;  octahedral  axes,  ^ ;  rhombic,  \%. 

Cos.  e  =  tH.  e=163'  38';  cos.  <^  =  fH»  9  =  163' 38';  cos.  i^  =  fH,  i^  =  138. 
45'.     Inclination  of  normals,  le^*  22',  le"*  22*,  and  41*  15'. 

Faces  parallel  to  this  form  occur  in  Linneite. 

The  form  1,  f,  4;  4  0  f,  Naumann;  4,  3,  1,  Miller;  and  b\  b\,  *J,  Brooke  and 
Levy.     Octahedral  axes,  \ ;  rhombic,  f . 

Cos.  e  =  f|,  e  =  147'  48';  cos.  ^  =  1^.  ^  =  164' 3*;  cos.  4.  =  ff ,  if' =  I5r 23'. 
Inclination  of  normals,  32'  12*,  15'  57',  and  22'  37'. 

Faces  parallel  to  this  form  occur  in  Garnet. 

The  form  1,  f ,  3 ;  3  0  f ,  Xaumann;  3,  2, 1,  Miller;  and  b\  M,  b\,  Brooke  and 
Levy.    Octahedral  axes  =  4 ;  rhombic,  ^. 

Cos.  d  =  ||,  e=zl58M3';  cos.  <>  =  |f,  9=  158'  13';  cos.  ;//  =  i},  \p  =  149'(r. 

Inclination  of  normals,  21'  47',  21"^  47,'  and  31'  C. 

F,jci s pirar.el  to  this  form  occttr  in 

Amalgiun.  Diamond.  Hauerite. 

Cobaltine.  Fahlerz.  Mafpctite. 

Cuprite.  Garnet.  Pyrite. 

Tho  form  1,  ^  5 ;  5  0  f .  Naumann ;  5,  3,  1,  Millor ;  b\  *i,  bl,  Brooke  and  Levy; 

octahtnlnil  axes,  ^ ;  rhombic,  |. 

Cos.  0  =  il^  e  =  152^  20* ;  COS.  ^  =  fi,  <>  =  152"  20' ;  cos.  4.  =  ^,  1^=  160'  32'. 

2r  40*,  27'  4(r,  and  19*  28'. 
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Faces  parallel  to  this  form  occur  in  Boracite  and  Pyrite. 

The  form  1,  2,  4;  4  0  2,  Naumann;  4,  2,  1,  Millor;  b\  b\j  bi,  Brooke  and  Levy. 
Octahedral  axes,  4 ;  rhombic,  §. 

Cos.  e=^,  0  =  162''  16';  cos.  4>  =  H>  <^=144°  3';  cob.^z=^,^  =  154:^  47\ 
Inclination  of  normals,  17"  46',  36"  57',  and  25"  13'. 

Faces  parallel  to  this  form  occur  in  Fluor,  Gold,  and  Pyrite. 

The  form  1,  V,  V  ;  V  0  V»  Naumann;  11,  5,  3,  MiUcr ;  6^  6i,  6S,  Brooke  and 
Levy.     Octahedral  axes,  |^ ;  rhombic  axes,  \^ 

Cos.  e  =  ^,  e  =  166'  57' ;  cos.  (p  =  Hi  <P  =  1^0'  9' ;  cos.  t|/  =  ^H",  'I'  =  1^2'  7'. 
Inclination  of  normals,  13=*  3',  39''  51',  and  27"*  53'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Fluor. 

Tho  form  1,  i^,  4;  4  0  V»  ^"aumann;  16,  7,  4,  Miller;  6i,  6i,  6x\  Brooke  and 
Levy.     Octahedi-al  axes,  if ;  rhombic  axes,  ^. 

Cos.  0  =^^,  e  =  166"  24' ;  cos.  <^  =  J^,  </>  =  138"  23' ;  cos  t|/  =;=  H!>  4'=  154"  12' . 
Inclination  ot  normals,  13"  36',  41"  37',  and  26"  48'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Fluor. 

The  form  1,  *,  7 ;  7  0^,  Naumann;  7,  3,  1,  Miller;  b\  6i,  6f,  Brooke  and  Levy. 
Octahedral  axes,  -^ ;  rhombic,  •^. 

Cos.  Oz=:^,e  =  158"  47' ;  cos.  </>  =  i|,  ^  =  136"  47' ;  cos.  if  =  ^,  t|/  =  165"  2'. 
Inclination  of  normals,  21°  15',  43"  13',  and  14"  68'. 

Faces  parallel  to  this  form  occur  in  crystals  of  Fluor. 

The  foi-m  1,  4,  8 ;  8  0  4,  Naumann ;  8,  2,  1,  Millor ;  b\  bi,  bl,  Brooke  and  Levy. 
Octahedral  axes,  -^ ;  rhombic  axes,  |. 

Cos.  e  =  II,  e  =  170"  14' ;  COS.  0  =  ||,  4>  =  1 18"  34' ;  cos.  if  =  |^,  t|^  =  166"  10'. 
Inclination  of  normals,  9"  46',  61"  26',  and  13"  50'. 

Faces  parallel  to  this  form  have  been  found  in  crystals  of  Galena. 


Fig.  55.  Fig.  56.  Fig.  57. 

Combination  of  th«  Fonng  of  the  Cube  and  Octahedzon — When  the 
faces  of  the  cube  P^  Pg,  &c.,  P,  (Fig.  55),  predominate,  the  solid  angles  of  the  cube  are 
replaced  by  triangular  faces  o^  o.^  &c.,  Og?  which  are  parallel  to  those  of  the  inscribed 
octahedron.  "When  the  faces  o^  Og)  ^^-t  ^8»  arc  so  largo  that  the  angles  of  their 
triangles  meet,  P^  Pg,  &c.,  Pe,  are  squares  (Fig.  56).  "WTicn  the  faces  of  the  octahedron 
predominate,  as  in  Fig.  67,  the]  solid  angles  of  tho  octahedron  are  replaced  by  square 
planes  of  the  cube  Pj  P,,  &c.,  P«. 

If  e  be  the  angle  of  inclination  of  a  face  of  the  octahedron,  as  o^y  to  any  of  tho 
ailjacent  faces  of  the  cube,  .as  Pj  P^,  or  P5, 


Cos.  e=  — ^e  =  125° 
1/3 
Inclination  of  normals,  0^  and  Pj=:  54°  44'. 


16'. 


\ 
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Combination  of  Cnbe  and  Rhombic  Dodecahedzon^— When  the  fac( 
the  cube  P^  Pj  P5,  &c.,  (Fig.  58),  predominate,  the  faces  of  the  rhombic  dodecahed 
^i  ^4  >*5»  replace  the  edges  of  the  cube. 

When  the  faces  of  rhombic  dodecahedron  predominate  (Fig.  69),  the  faces  of 
cube  Pi  P2  Pfl,  replace  the  four-faced  solid  angles  of  the  rhombic  dodecahedron  ^ 
square  planes,  Pj  Pj,  &c. 

If  e  be  the  angle  of  inclination  of  the  face  of  the  cube  P^  to  the  adjacent  fac( 
the  rhombic  dodecahedron  r^  r^,  &c.,  and  ff  the  inclination  of  their  normals, 

Cos.  e  =  — -  e  =  135°,  and  ff  =  ^5\ 


Fig.  58. 


Fig.  69. 


Fig.  60. 


Combination  of  Cnbe  and  Thzee-faced  Octahedzon.— When  the  f 

of  the  cube,  Pi  Pg  P,,  &c.  (Fig.  60),  predominate,  the  solid  angles 
of  the  cube  are  replaced  by  tiie  three-faced  solid  angles  of  the 
three-faced  octahedron,  forming  three  trapezoidal  planes,  b^  b^, 
and  ^3,  for  each  solid  angle  of  the  cube. 

When  the  faces  of  the  three-faced  octahedron,  b^  bz  J3,  &c., 
predominate  (Fig.  61),  the  eight-faced  solid  angles  of  the  three- 
faced  octahedron  are  replaced  by  octagonal  planes  of  the  cube 
Pi  P3  P„  &c. 

Let  0  be  the  angle  of  inclination  of  Pj  to  b^  or  ^3,  0'  that  of  ^^^'  ^^* 

their  normals,  and  <f>  the  angle  of  inclination  of  Pi  to  b.^  <(>'  that  of  their  normals. 

If  lln  bo  the  symbol  of  the  three-faced  octahedron, 

cos.  e=    ,     ^         a'  =  18O''-0CO8.<^=-^^^  9':t=180°-d,. 
For  the  form  1,  1,  \ 


COS.  e  =  V^^  e'  =  125°  28'  ff  =  54°  32'. 

COS.  0  =  V^^0  =  124°  51'  0'  =  55°  9'. 
For  the  form  1,  1,  f ,  cos.  a  =  VH        a  =  127°  59'  6'  =  52°  1'. 

COS.  <l>  =  Vif 
For  the  form  1,  1,  ^,  cos.  0  =  V^ 

COS.  <f>  =  V A 
For  the  form  1,  1,  },  cos.  0  =:  V^p 

COS.  <l>  =  V]^ 
For  the  form  1,  1,  2,  cos.  0  =  V|" 

COS.  <^  =  Vi 


<t>  =z  119°  29'  <t>'  =  60°  31'. 
e  =  129°  46'  6'  =  50°  14'. 
<t>  =  115°  15'  0'=64°45'. 
$  =  130°  58'  0'  =  49°  2'. 
^=  112°  0'  <^'  =  68°0'. 
e  =  131°  49'  er  =  48°  11'. 
<t>  =  109°  29'  <p'  =  70°  31'. 
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For  the  form  1,  1,  3,  cos.  6  =  V-^  &  =  1^3=*  30'  ff  =  46°  SO*. 

COS.  ^  =  VS^  <l>  =  103°  16'  <t>'  =  76°  44'. 

For  the  form  1,  1,  4,  cos.  0  =  V^  B  =  134°    8'  6*  =  45'  52'. 

COS.  <l>  =  V^  <t>  =  100°    1'  0'  =  79^  59'. 

ombination  of  Cube  and  Twenty-foiur-faced  Trapesohedzon.— When 

ices  of  the  cube  Pj  Pj  P^,  &c.,  predominate  (Fig.  62),  the  solid  angles  of  the  cube 

are  replaced  by  the  three-faced  solid  angles  of  the  Trapezo- 

hedron  forming  three  triangular  planes  «i  Oz  a^  for  each  solid 

angle  of  the  cube. 

When  the  faces  of  the  trapezo- 

hedron  predominate  (Fig.  63),  the 

four-faced  solid  angles  of  the  trape- 

zohcdron,    which    terminate    the 

cubical  axes,  are  replaced  by  square 

planes  of  the  cube  Pj  Pg  P^,  &c. 

Let  d  be  the  angle  of  inclination  of 
I  ffj,  ff  that  of  their  normals,  and  <f>  the  angle  of  indi- 
in  of  Pi  to  flo  or  ^3,  (p'  that  of  their  normals, 
f  1  jw  OT  be  the  symbol  of  the  twenty-four-faced  trapezo- 
on, 


Fig.  62. 


Fig.  C3. 


m 


For  the  form  1,  ^,  ^,  cos.  6  =  Vi|-  «  =  133'  19'  ff  =  46'  41'. 

COS.  (p  =  V^  0  =  120-  58'  <l>'  =  59°  2'. 
For  the  form  1,  ^,  |,  cos.  6  =  VA  ^  =  136°  41'  0'  =  43°  19'. 

COS.  <t>  =  V"^  «^  =  119°  1'    <p'  =z  60°  59'. 
For  the  form  1,  2,  2,  cos.  0  =  Vl"  0  =  144°  44'  0'  =  35'  16'. 

COS.  <l>  =  Vi'<p  =  114°  6'  <!>'  =  65"  54'. 
For  the  form  1,  |,  |,  cos.  0  =  V^«=  14r  51'  0'  =  32°  9'. 

COS.  <t>  =  V^i^«^=  112°  6'  0'  =  67'  54'. 
For  the  form  1,  |,  |,  cos.  0  =  V|f    0  =  152°  4'    0'  =  27'  56'. 

COS.  0  =  VA   <t>  =  109°.21'  «^'  =  70°  39'. 
For  the  form  1,  3,  3,  cos.  0  =  VA    ^  =  154»  46'  0'  =  25=  14'. 

COS.  if)  =z  V-S  <^  =  107*  33  '^'  ==  72«  27'. 
For  the  form  1,  4,  4,  cos.  0  =  \/\%  0  =  160»  32'  0'  =  19«  28'. 

COS.  0  =  v'-ri  <^'=  103«  38'  «^'  =  76o  22'. 
For  the  form  1, 10,10,  cos.  0  =  V^W^  =  17P  57'  0'  =  8o  3'.  ; 
cos.  </)=  1/^*^=95°  41'    <}>'=:  ft4«  \^' . 
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For  the  torn  1, 12, 12,  cos.  a  =  V\H9  =  ^^3?  17'  ^  =:  6»  48'. 
C08.  ^  =  i/^^  =  99«  45'  4>'  =  85=  15'. 
For  tie  fonn  1, 16, 16,  co8.  »  =  t/Jlf  »  =  174**  57'  r  =  5'  y. 

COS.  f  =  /^^=  93^  34'  <f/  =  86=  26'. 
For  the  form  1,  40,  40,  coa.  a  =  Vj^  •  =  177^  8'    ^  =  2=  52'. 

C08.  ^  =  y^^<j>=9r  26*  4/  =  88'  84'. 

ComUnatioii  of  Oube  and  Fom^&cAd  Cote.— When  the  faces  of  the  cube 
P^  P2  Pj,  &c.  (Fig.  64)  predominate,  each  edge  of  the  cube  is  replaced  or  bevelled  by 


Fig.  65. 


two  faces  of  the  four-faced  cabe 

«i  Cy  ^3  <^4»  «5  ^•y  *c. 

When  the  faces  of  the  four- 
faced  cube  e^  e^  e^,  &c  (Fig. 
65)  predominate,  every  four- 
faced  solid  angle  of  the  four- 
£eu!ed  cube  is  replaced  by  a 
square  plane,  P^  Po,  &c.,  of  the 
cube. 
Fig.  64.  If  1,  m,  00  be  the  symbol  of 

the  foiu*-faced  cube, 

a  the  angle  of  inclination  of  Pi  to  c^  or  c^,  ff  that  of  their  normals. 
4>  the  anglo  of  inclination  of  Pj  to  e.^  or  c^,  <p>'  that  of  their  normals. 

Then  cos  e  =   -_}  or  cot.  $  =  m,ff  =  ISO—  d,  cos.  <t>  =  2^tl, 

and  <l)'  =  180°  —  </>. 
The  inclination  of  V^  to  e^  or  e^  is  90=  in  every  case. 

For  the  form  1,  ^,  00 ,  cos.  0  =  \/Jk  cot.  0  =  f  0  =  141=  20'  ff  =  36=  40'. 

cos.  <f>  =  \/~^  <t>  =  128=  40'  <p'  =  51=  20'. 

For  the  form  1,  ^,  00 ,  cos.  e  =  y'if  cot.  e  =  i  0  =  143=  S'    0^  =1  36=  52'. 

COS.  <ft  =  \/^  ^  =  126=  52'  <!>'  -=  53=  8'. 

For  the  form  1,  f ,  oo ,  cos.  0  =  v^^  cot.  e  =  f ,  e  =  146=  19'  ff  =  33=  41'. 

COS.  0  =  t/^  <t>  =  123=  41'  ^'  =  56=  19'. 

For  the  form  1,  2,  00 ,  cos.  0  =  v'T    cot.  0  =  2  0z=  153=  26'  0^  =  26=  34'. 

COS.  «^  =  1/5  ^  =  116=  34'  <^'  =  63=  26'. 

For  the  form  1,  f,  qq  ,  cos.  0  =  i/fj  cot.  0  =  f  fl  =  158=  12'  e'  =  21=  48'. 

COS.  ^  =  t '  A  ^  =  111°  48'  4»'  =  68=  12'. 

For  the  form  1,  3,  00 ,  cos.  «  =  v^^  cot.  e  =  3  fl  =  161=  34'  ff  =  18=  26'. 

COS.  ^  =  \/:^  4>  =  108°  26'  4>'  =  71^*  34', 

For  the  form  1,  4,  oo ,  cos.  0  =  V44  cot.  6  =  4  0  =  165°  58'  0*  =  14=  2'. 

COS.  ^  =  VVt  4»  =  104°  2'  4»'  =  75=  58'. 

For  the  form  1,  5,  oe ,  cos.  •  =  y^H  cot.  a  ==  5  0  =  168°  41'  e  =  11°  19'. 

COS.  ^  =  V^  ^  =  101°  19*  4>'  =  78°  41'.r 
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Ooiiibinatioa&  of  Onbo  and  Sls«faoed  Ootehedxon.— When  the  faces  of 
ho  cube  Pi  P2  Pfi,  &c.  (Fig.  66),  predominate,  each  solid 
mgle  of  the  cube  is  replaced  by  a  six-faced  solid  angle  of  the 
six-faced  octahedron,  forming  six  trian- 
gular planes  e^  e^  c,  e^  e^  e^  for  each  solid 
angle  of  the  cube. 

When  the  faces  of  six-faced  octahe- 
T^'  'dron  *i  $2  ^3,  &c.   (Fig.  67),  predomi- 
V'  nate,  the  eight-faced  solid  angles  of  the 
six-facod  octahedron  are  replaced  by  oc-  Fig.  66. 

tagonal  planes  Pj  P.j,  &c.,  of  the  cube. 

If  1,  w,  n  be  the  symbol  of  the  six- faced  octaliedi'on, 
Q  the  angle  of  inclination  of  Pj  to  ^j,  or  ^ g,  ff  that  of  their 
normals. 

^  the[[angle  of  inclination  of  P^  to  e^,  or  e^^  <p'  that  of  their  normals. 
^  the  angle  of  inclination  of  P^  to  ^3,  or  ^4,  xj/'  that  of  their  normals. 
1 


Fig.  67. 


Cos.  0  = 


l/l-f-Jl     .       X 


:,    &  =  180^  -  a  COS.  <^  =  ^??1-^  A'  =  180°  -  d> :  cos.  J/  = 


COS.  0 


For  the  form  1,  J,  |,  0  =  135'  0',  0  =  45=  0' ;  ^  =  124°  27',  <^'  = 
4^  =  115°  16*,  4/ =  64°  54'. 

For  the  form  1,  ff ,  64, 0  =  135'  37',  0'  =  44'  3'J' ;  <^  =  134°  33',  <^'  = 
^  =  90°  38',  f  r=  89°  22'. 

For  the  form  1,  ^,  2,  0  =  137'  58',  0'  =  42'  2' ;  <^  =  123°  51',  <^'  =  56' 
111°  48',  f  68°  12'. 

For  the  form  1,  -}^  V>  ^  =  139°  0,'  0'  =  41°  0'  ;  <^  =  123'  36',  ^'  = 
4^  =  110°37',  f  =  69'23'. 

For  the  form  1,  #,  4,  0  =  141°  40',  &  =  38°  20' ;  <^  =  126'  2',  <^'  = 
^  =  101°  19',  ^  =  78°  41'. 

For  the  form  \,  f ,  3,  0  =  143'  18',  0'  =  36'  42' ;  «^  =  122'  19',  </>'  = 
1//  =  105°  30',  ^  =  74°  30'. 

For  the  form  1,  4,  5,  0  ==  147°  41',  0'  =  32°  19* ;  0  =  120°  28',  ^'  = 
4^  =  99°  4',  f  =  80°  16'. 

For  the  form  1,  2,  4,  0  =  160°  48',  &  =  29°  12' ;  0  =  115°  53',  <^  = 
^  =  102°  36',  i|/'  ^  77°  24'. 

For  the  form  1,  V,  V,  0  =  152°  4',  9  =  27°  56' ;  «^  =  113'  41',  <^'  = 
+  ^  103°  57',  ^'  =  76°  3'. 

For  the  form  1,  y^  4,  0  =«  153°  15',  9  =  26'  46' ;  0  =  113°  0',  «^'  = 
,;;  =  102°  54',  j//'  =  77°  6'. 

For  the  form  1,  ^,  7,  0  =  155°  41',  9  =  24°  19'  ;  ^  «=  112°.  69',  ^'  -. 
^f  =  97°  29',  1//  =  82°  31'. 

For  the  form  1,  4,  8,  0  =  164°  23',  9  =  15'  37' ;  *  —  103°  66',  ^'  = 
x|/  =«  96°  hb\  yf/  ==  83°  5'. 


55°  33' ; 
45°  27' ; 
9';  ^^ 
56°  24' 
53°  58' 
57°  41' 
69°  32' 
=  64°  7' 
:  66°  19' 
=  67°  0' 
=:  67°  1' 
=  76°  4' 
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COMBINATIONS  WITH  CH^TAHEDROK, 


Fiff,  ^. 


faces  of  tlie  octahodron  prodorniniitei  nso^c^  c?g^&c.  (Ftg^flS)^ 
the  plimes  of  the  rhombic  dodeciLhedron  r^  r^  r^,  &:c.,  roplace 
or  truncate  the  edges  of  the  octahe- 
dron. 

AVlicn  the  facea  of  the  rhorahio 
dodecahedron  predominate,  as  r^r^r^ 
kv.  (Fig.  69),  the  threeh-f&ced  solid 
angles  of  the  rhombic  dodecahedron 
arc  Ti]plaeed  by  triangular  planes  o^ 
o^  (3g,  &c.  of  the  octaliedron* 

Tho  incUnation  of  o^  to  any  of  tie  adjacont  facea  ri,  r 
f\,  is  144'*  U\  that  of  their  normals  35'  16'. 
Comlilii&tion  of  the  OctaliedKDiL  and  Thxes-faced  OctahedToxi.— ^ 
the  faecs  of  the  octahedron  o^  0^  0^  0,  &:c.  (Fig.  70),  predomi- 
nate, the    edges  of  the]  octahedron  are  replaced  or  bevelled  by 
two  planes  of  the  three -faced  ectahc« 
dron. 

When  the  faces  of  tha  three-faced^ 
octahedron  by  b^  fi.„  &:q,  (Fig".  71),  pro- 
*  dominate,  tlie  threo-faeed  solid  angles 
of  the  three- faced  octahedron  arc  replaced 


Fig.  m 


Tig.  n. 


by  triangular  planes  0^,  t>^^  e^,  q^,  &c.,  of  Fig.  70. 


the  octahedron. 

Ifn»betho  symbol  of  the  three-faced  octohedroiip 


angle  of  inelinatiDn  of  o^  to  ^|,  d^,  or  h^,  &'  that  of  their  normalB, 


2+; 


Then  eoa.  B  = 


^3(2+"i,) 


and  r  =  ISO'  - 


For  the  form  1,  I,  f^  &  =  179^  33'  &  —   0'  25'. 

For  the  form  1,  1,  ^  e  ^  VI V  W  0  —    5^  4G'. 

For  the  form  1,  1,  4  fl  =-  169'  57'  $'  =  10"   3\ 

For  the  form  1,  1/|  B—  166*  44'  r  =  13^  16'. 

For  the  form  1^  1^  2  *  —  164^  12'  B'  —  W  6%\ 

For  the  form  1,  1,  3  a  =  158'    0'  fl'  =  22^    0'. 

For  the  form  Ij  1,  4  fl  —  164'  46^  0  =  25=*  14', 


CoslT?! nation  of  the  DctaJiedXDn  and  Tw^nty'^fonr  Faced  Tiapi 

liedron.— When  the  faces  of  the  octahedron  0^  o^  n.  Og  (Fig.  72)  predominate, 
solid  angles  of  the  octahedron  are  replaced  by  the  four-faced  solid  angles  of  the  ti 
Eoheeh'onf  which  terminate  its  cubical  axea* 


COMBINATIOKS  WITH  OCTAEBDRON. 


32 1 


Wheii  the  foe^  &i  %  *,»  &o.  (Fig.  7S)i  of  tb<3  trapezoliedroii  predommatQ,  tJic  thrcp- 
faccd  aolid  imj^lcs  of  Uie  trnpozo- 
hcfdnoii  are  rdplflcod  by  triting\ilar 
pLiaoa  o^j  (t^  05,  o„  of  tbe  octalio- 

If  It  /i<,  n»  be  the  Bymbol  of  tbo 
t wenty-foiir- fsicod  trftpcKobadron , 
9  tlie  aoglp  of  inclinntioTi  of  tkc 
fnc&  &i  to  fflp  ffi,  or  #3;  fl*  tlmtof 
their  normnlfl. 

2 


Fig.  73. 


FL£.  72 


1   H- 


LKJS.  »  = 

% 

^^^^  +  i) 

lOU" p. 

For  lie  form  U 

#. 

i 

0^171^57' 

S'  —    8"    3'. 

For  the  fonn  1, 

f^ 

1 

e  =z  168"  sr 

r  =  ir  25', 

For  the  fonn  1, 

2, 

2 

0  =  160=  32* 

r  =  19"  28% 

For  tbo  form  1, 

I, 

f 

0  ^  157'^  25' 

ff  ^  22'^  3o'. 

For  the  form  I, 

h 

* 

fl  =  U3M2' 

r  ^  26*  49'. 

For  the  form  l, 

3> 

3 

^=160"  30' 

©■  —  as'*  30V 

For  tiiQ  form  I, 

4. 

4 

9=,  144'  44^ 

ff  =  35"  16'. 

For  tkt  form  1» 

10, 

IQ 

B  =.  133^  19' 

fl'  =  40"  4r, 

For  tbo  form  1, 

12, 

12 

$=  131=^59' 

fl'  =  48'   V, 

For  tho  form  1, 

16, 

16 

9=  130'  10' 

^  —  49^  41% 

For  the  form  1^ 

40, 

40 

3=127'  ir 

r  =  02"  43'. 

Goiii1»iiiat£Qii  of  tiie  OctmhedTcmaiid  Fomr-fLced  Cube.^When  the  fctcca  of 
the  octahedron,  o^  o^Oifl,  (Fig,  74),  pre- 
domiimte^  tbc  BoHd  angles  of  the  ottabc-- 
dx-on  BTG  replaced  by  the  fou^-fac(^d  Eolid 
anglpa  of  the  four-fae^  cube  t?^  f^,  &e. 
Wbcn  tho  ffliccfl  of  tbo  fonr-fapcd 
cub*?  i?i  e.j  e^  k<^,  (Fig.  ;75)t  predomi- 
nate, the  si^-f(iC€d  solid  angloa  of  tbo 
four-£iced  cube  are  replaced  by  planes 
of  tbQ  Q4;tahedron  ^|,  o^^  o^^  c^^  &e. 
If  0  be  the  angle  of  inclination  of 
the  face  0|  of  tbo  octahedron,  to  any  of  tho  faoos  c^  ^.^  r,  p^  r^  r^  of  the  four-faced  cube 
wbos0  symbol  is  1  m  oc,  ff  that  of  thdr  normals. 

1 


Fiir,  74. 


Fig.  :j. 


l  +  : 


Cos.  ©^ 


ff  =  UQ'  —  i, 


For  the  form  1,  J,  » 
For  the  form  1,  |, » 
For  the  form  1,  f*  » 
For  the  form  1,  2»  cjo 
For  the  form  Ip  4»  a? 


fl  =  U4'lo^ 
P  =  143'  56' 

e  =  i4,3Mr 

0  =  141^  46' 
fl  =  lar  38' 


r  =  33-  4o'. 
e'  =:  36^  49% 
r  =  36^  40', 
r  =  39^  14'. 
r  =;  41^  22% 


\ 


ifiORQANIC  NATURE.— Nc.  XL 


::^ 


Vqi:  afc  mm  I.  3l» 

#=lJ6-» 

#=«r3r. 

r\M:  -  t  ;otmU4,» 

»=:lM'9r 

#=^5*3^. 

b'«t  diki  logm.  Ir  ^  3B 

#=ijr4r 

rrir-G^l^- 

and  flijL  fEtii*1tiMJiiiM     ^THi  ii  fhr 
fiL-es«*  ^,  «»  ««  (fi^i  T^.u  ^'^  the- -dc^lL^- 
iroapredoHunate,  tL-i-  K^h'J  ui£  "       _ 
js:iahedrvL  are  repljiced  >-  zl 
:aL-«d  ulxd  aog^  of  the  six-^Mcd  otesr- 
heuroo. 

When  the  faces  e^  «,  «,  ^4,  fcc  (FSr. 

^  Minale,  ««^  fi^-&r:r    solid  an^  ef  tke 

stx-^&ced  octahedron  is  replaced  hr  a 
''^*  piafi£,  »|  «|  <)^  &e,  of  the  octahediaxL  _ 

,«,  •«  be  the  symhol  of  the  six-faced  octahedron,  0  the 
lac  octahedron  o^  to  anj  of  the  six  adjacent  faces  f~  e^  i.^  «,  e^  or  e,  of  tlic 
octahedron,  (T  that  of  their  normals, 
1.1 

Cos.  e  =  — z — : : —      er  =  180'  —  §. 


Tis. 


e  oi  inclination  of 


T^H'+^+i^) 


For  the  fonn  1,  f ,'  ^ 
For  the  form  1,  ff,  64 
For  the  form  1,  ^,  2 
For  the  form  1,  -H,  V 
For  the  form  1,  |,  4 
For  the  form  1,  ^  3 
For  the  form  1,  ^,  5 
For  the  form  1,  2,  4 
For  the  form  1,  V,  V 
For  the  form  1,  y,  4 
For  the  form  1,  ^  7 
For  the  form  1,    4,    8 


e  =  168^  28' 
0  =  14o^  22^ 
e  =  164^  47' 
a  =  163^  28' 
0  =  154'  56' 
e  =  157=^  47' 
0  =  151^  26' 
e  =  15r  52' 
tf  =  151^  47' 
0  =  150''  28' 
e  =  145^  46' 
0  =  139'  52' 


tr  =  11'  s-r. 
«^  =  S4'  sy. 
«'  =  15^  ly. 

6-=  16' 32-. 

er=2o'  4'. 

r  =  22'  13'. 
^=25=34'. 
e'=28^  8'. 
^  =  28°  13*. 

er  =z  2r  ST. 

er  =  34'  14'. 

6^  =  40=*    8'. 


Combination  of  the  Rhombic  Dodeeahedjron  and  Thzee-figieed  Octa- 
hedron.— ^When  the  faces  of  the  rhombic  dodecahedron  }\  Vi  r, 
&c.  (Fig.  78),  predominate,  a  three-faced 
solid  angle  of  the  thret-facLil  octahedron 
>  replaces  each  three-faced  solid  angle  of 
the  rhombic  dodc^cahedvon. 

When  the  faces  of  three-faced  octa- 
hedron ^i^.^^3,  &c.   (Fig.  7l>\  T^P'^lr^nii- 
nate^  each  edge  of  the  three-faced  octa- 
hedron, which  joins  its  eight-faced  solid 
angles,  is  replaced  by  a  plane  of  the  rh<^bic  dodecahcdi^n. 

If  1  1  «  bo  the  symbol  of  the  three-faced  octahedron,  0  ^'^«' 

tho  angle  of  inclination  of  b^  to  ^-j,  or  ^3  to  r^,  0'  that  of  their  normals, 


Fig.  78. 


cmnsnrimoNfi  with  rhoitbic  BooECAHEDEOif* 


d23 


r|/2(3  + 

h 

For  the  form  1,  1,  fi 

fl— 145*    9' 

r  =  34'  sr. 

For  tie  form  1,1,    | 

Q  ^  150';30^ 

r  =  29^  3ff . 

Forthe  ibrm  1»  1,  | 

$  =  154'  46' 

r  ^  2r  14', 

Toe  tho  fefifm  1,  1,   | 

0  =  158^    CK 

r  =  22'    C*'* 

For  lie  form  1,  1,   2 

fl=  ieo*32' 

r  =  19*  2S\ 

For  the  form  1,  1,   3 

e  =  166^  44' 

(t^lT  16\ 

For  the  form  1,  1,   4 

fi  =  1159^  p58' 

r  =  10^    2\ 

Combis&tioiL  of  tli«  Rliombic  Bodecahedzon  and  Twenty-foiir-Fac«d 
^f^pssolLC^ycim.— For  ^  trapezohedrozi,  whoso  symbol  k  1,  2t  ^t 

Whea  the  faces  of  the  rhombic  dodccnliedron  r^  r4  r^,  &c.  (Fig,  80)  ^  predominate, 
the  edges  of  the  rhombic  dodecahedron  arc  replaced  by  planca 
ay  a.^  u-j,  ^c,  of  the  tmpezohedron. 

^Wlien  the  faces  of  tho  same  form, 
of  tho  trapeKohodjoa  a^  a^  A;*,  &o- 
(Fig,  81),  ptedominftte,  each  four- 
faeed  solid  angle  of  the  trapezohedron, 
which  terminntca  its  rhomhie  axis^  L^ 
replaced  bj  a  pkiio  of  the  rhombic 
dodtt^flhcdron  r,  r^  r^,  &c. 
^^'^-  If  1  SB  m  b©  tie  symbol  of  tho 

trapezohedroTij  when  m  is  greater  than  2,  the  four-faced  solid 
angles  of  the  rhomhic  dodecahedron  arc  replaced  by  the  four- 
faced  solid  angles  of  the  trapezohedron^  which  tenuinate  its  cubical  axes.  When  m  is 
leas  than  2,  the  three-faced  solid  angles  of  the  rhombic  dodecahedron  ore  replaced  by  ttio 
three- faced  solid  angles  of  the  trapezohedron. 

If  I  mmhe  the  symbol  of  the  twenty-foxir-faced  trapezohedron,  S  the  molimition  of 
«i  to  f]^  GT  r*,  of  %  to  fj  ot  Ts,  &c,j  €  that  of  their  normals, 

Cos.  &=    — ~   -    ^  =  180'  -  9, 


Fif^Sl. 


Vzu+^) 


For  the  form  1, 

4, 

# 

tf=14B'    5' 

r  —  ZV  55'. 

For  the  form  1, 

4. 

f 

a  =  149^    T 

r  ^  30'  58^, 

For  the  farm  1^ 

2, 

2 

e^UT    0' 

0^  =  30^    0'. 

For  the  form  1, 

f. 

1 

ff=  149^51' 

r  =  3a^  9', 

For  £he  form  1 , 

h 

3" 

0  =  HT  12' 

&  =  30^  48', 

For  the  form  i, 

% 

3 

e  =  148"*  31' 

r  =  3P  29'. 

For  the  form  1^ 

4, 

4 

B  izz  146^  27' 

r  =  33^  33', 

For  the  form  Ij 

io» 

10 

ff  =  l40^22' 

&'  =-  39°  38'. 

For  the  fonn  1, 

12, 

12 

0  —  I3r  32' 

§'  =  W  28'. 

For  the  form  1, 

16, 

16 

B  —  138*  2r 

r  =  4r  33'. 

For  the  form  1, 

40, 

40 

B  =  or  U* 

r  ^  43^  35'. 

a24 


QOMBis^rmmm  wn^a  b-sombic  iMiiwrii 


CoBLbin&tioa  «C  tb« 


1    ill 


limliKafaednm  i>  feplDced  br  %  Snir- 

cnbe  #^  ^  r^  (fj,  is.  (Ti^  83^,  |«- 

£iced  eolie  wEick  joiit  lis  Ane^ 

t^mi  doOd  iaQi»  ore  replaced  bf 


ny.  *fL 


I ' 

1 

Cc*-t  — 

r  -  !So-^  -  f . 

V^^ 

i+i.^ 

FOTticSjreil,  |,« 

i^irr  w 

f  =    6  20r. 

F<ff  die  *Tr=s  L  |.  * 

•  =  iri'*!r 

r=  y  r. 

F«c  the  f  >fia  k  |,  T 

•  =ii^-4r 

r  =  11'  ly. 

Fi^sc  tiiie  fi^ifza  1,  ^  « 

$  —  UVl!V 

#  =  ir  2r- 

F  ir  til-  f*ynp  I,  |,  x 

•— i-ie-*r 

r  s  ir  IT. 

F*>r  tiw^  f^na  1.  3L  ac 

#=15S^!M' 

r  =  as'  w*. 

F«ir  th£  f<WTO  1,  4,  :c 

#=i4^    r 

r  -  sr  53', 

F<w  tiie  fr/TBi  L  5,  at 

f  =  14$    IS' 

r  =  33'  41% 

^Wliea  xhe  ijmlralof  tbecx*£feeed  o»;t:ii3i^i?droii  i5l^m<,n^  and  Ilit> 
f>ciii  iocii  th*£«ii  =  «  -^  M.    If  tb^  £i£»  of  tJie  iboioliie  dodt- 

oaie,  the  edges  of  tli£  ihnnliie  dod^c^ 
hednm  are  i^laced  or  berellcd  hj  tncx 
pLi»ei  of  thg  lix-BuTed  oc^hcdroti. 

liHiea  iIl^  faces  ^  <<  c^^  ^c,  of  ih£ 
siX'faced  octiltedraiL  (Fif.  g^},  pre^ 
doTuina^Cf  eadi  fbur^fkced  solid  angle 
of  tli^  ^Lx-^Lccd  octslifdrcni  b  icplacrcd 
hj  ^  plane  of  tbe  rlit^niliie  dodecahedifm. 

Wficn  mn  u  gre^^r  tlum  ni  -|~  ^  ^^  four-fkrcd  solid 
anglesi  of  thc"  rli0mbic  dodc^^liedixiii  are  rt'plaeed  b^  tb^  fdgbt*&ieed  aolid  angl^  cxf  vV 
octahE^dnou, 

Wbcn  mtiU  less  tb^i  uj  4*  'S  ^  tli£«e^£u:ed  iolid  angles  of  the  rbombie  dod^^ 
hedron  ofc  rgtl^ced  bj  the  six-faced  solid  sn^es  of  ^e  idx^fiiised  oetabedrop. 


Fij.  M. 


Fiff.  15. 


METHODS  OP  EKADIXG  CRYSTALS, 


m5 


If  i,  m,  «  bo  the  symbol  of  the  six-fac^d  octahedron^  6  the  inclintttion  of  r^^  to  ^i  or 
A^  cir  of  r4  to  «£  or  #^  &e,,  9'  that  of  their  nomuik, 


54 


1  + 


cos,  0  == 


r  =  180 


■I'^t^+i+i.') 


For  the 
For  the 
For  thy 
For  the 
For  the 
For  the 
For  tha 
For  tho 
For  the 
For  the 
For  tho 
For  the 


fimn  It  f,  # 
foim  ],  ff,  U 
foim  1,  4,  2 
form  1,  H,  V 
form  1,    ^,4 
form  1,    I,  3 
form  1^  ^t  5 
form  1,    2,  4 
form  I,  ^,  V 
form  1,  y,  4 
form  1,    Jj    7 
form  1,  4j  8 


e^ 


153^  ^B' 

15^48^ 
157^  40' 
166"  6' 
160"  54' 

Ur  47' 
155"  20' 
155^  12' 
157'    1' 

M8"2V 


ffz 

r- 


=  26*  4^ 
:  OMr. 
:  23'  12*. 
:  22'  20'. 
:  la"  54', 
1 19"  6'. 
:17'  1'. 
i2n3'. 
:  24'  W. 
I  24^  48'. 
:  22'  59'. 

:  sr  30'. 


Gom|^Iicat«d  CombiuatloiiB  of  the  Fozins  of  the  Cubical  SyBtenL.— 

instances  of  moro  complicated  combinations  of 
the  forms  of  the  cubical  sj'^tom  than  tho^  alreaily 
given  frequently  oecm';  but  a  diligent  study  of 
tlui  simple  onm,  already  given,  will  enable  us  to 
determine  readily  to  what  form  each  face  of  tbo 
trystal  should  be  refeiiiedi  The  detcTminiition  of 
the  forms  to  which  the  faeoa  of  a  ciystal  are  pa- 
ralielj  ia  teehnically  termed  "  rending  r  crj^stal^" 
the  particular  spccios  to  which  each  form  belongs 
k  generally  found  by  measurement  of  the  angles 
with  a  goniometer.  Many  species,  however,  may 
be  recogmsed  by  observing  the  parallelism  of  the 
edgca  of  the  faces  to  one  another,  according  to 
irhat  is  caUcd;  the  ^n&  tJuori/.  This  will  he 
described  hereafter.  Bg*  86. 

We  haTC  already  given  an  instance  of  a  complicated  combination  of  forms  in.  a 
cmtal  of  Fluor  spar. 

The  simple  combinations  of  forma  already  given  enable  ti^  to  read  thU  crystal  with 
case,  and  show  that  the  faces  P^,  P^j,  P^j  &c.,  are  faces  of  the  cube;  r^  r.^,  kc.^^^  those 
of  tho  rhombio  dodecahedron;  a^  a,^  and  «;(,  are  faces  of  the  twenty-four-faeed  trapezo- 
hcdnon;  ^^  K  and  bj^  of  a  three-faced  cube  \  and  &^  e,  eij,  &e.,  s^  the  faces  of  a  six-faeed 
ootahedixm. 

It  reqmrea,  however,  actual  meaaumraent  of  the  inclinatioii  of  the  faces  to  deter- 
mine the  particiilfir  epeeica  of  the  List  three  forma. 

In  Bom£^  worts  on  Itineralo^,  asj  for  instance,  the  early  editiona  of^PhiIlipa*a  "  Mine* 
ralo^,"  the  inclinations  only  of  such  faces  are  given  without  any  fcCetfeat^  tji  ih&\i 
■Fmbols;  in  other  worJis,  Bttch  us  tho  ekhorato  deacriptioii  oi  IrfLie .  ^t^inis?!?  ^  t(5?iEs^^"a.H 


\ 
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by  Levy,  from  which  Fig.  86  is  taken,  the  faces  arc  indicated  only  by  their  symbols, 
and  the  angles  are  not  given. 

The  tables  annexed  to  the  previously  described  simple  combinations  will  afford  the 
student  a  ready  means  of  recognising  the  species  of  the  forms  from  the  angular  mea- 
surements given  by  Phillips;  or  of  supplying  those  measurements  to  the  crystals 
described  by  Levy.  I 

The  faces  a^  a.^  a„  are  marked  or  in  Levy's  figure ;  hence,  they  are  fiu^s  of  a  I 
twenty-four-faced  trapczohedron,  whose  symbol  is  133  (see  symbols  of  this  %ure,  , 
p.  30.5).  i 

The  faces  bi  b^  b^  are  marked  a^  in  Levy ;  they  are  faces  of  a  three-feced  octahe-  j 
dron,  whose  symbol  is  112.  The  faces  e^  e^  e^  e^  e^  e^  are  marked  *  =  J»  b^  b^f  and  are  i 
faces  of  a  six-faced  octahedron,  whose  symbol  is  1,  2,  4  (see  p.  315).  ! 

The  inclination  of  the  face  P-,  to  any  of  the  faces  r^  r^  Tq  or  r^^  is  135"*  (p.  316).       | 

The  inclination  of  P^  to  Og  is  154'  4C',  and  of  P^  to  aj  or  a^  W  33'  (p.  317).  ' 

The  inclination  P.-,  to  b._^  or  b^  is  131°  49',  and  of  P5  to  ^1,  is  109°  29*  (p.  316). 

The  inclination  of  P^^  to  e^  or  e^  is  150°  48',  to  e.  or  ^e  is  115°  53',  and  to  e^  or  e^ 
102^  36'  (p.  319). 

The  inclination  of  r^  to  e^  or  e^,  or  of  r^  to  «4  or  e^,  is  167*  ^T  (p.  325), 

The  above  is  sufficient  to  show  how  the  inclinations  of  the  faces  of  a  crystal  to  each 
other  may  be  determined  from  a  knowledge  of  their  symbols. 

Sphere  of  Pivjectien. — If  wo  suppose  the  cube  in  which  each  of  the  fnnis 
of  the  cubical  system  have  been  inscribed,  placed  in  a  sphere,  whose  centre  shall 
coincide  with  the  centre  of  the  cube ;  then,  if  lines  be  drawn  perpendicfolar  to  the 
faces  of  each  form  from  the  centre  of  the  sphere,  and  produced  till  they  cut  the  surface 
of  the  sphere ;  the  points  where  they  cut  the  sphere  will  serve  as  indications  of  ti» 
faces  to  which  they  are  perpendicular,  or  to  which,  in  mathematical  language,  they  are 
the  normals.  These  points  arc  called  the  poles  of  the  faces  of  the  crystal  to  which  itey 
are  perpendicular.  A  map  of  all  the  forms  which  we  have  hitherto  described  maythas 
be  indicated  on  a  globe ;  and  since  the  inclination  of  the  normals  to  anj  two  planes  is 
always  the  inclination  of  the  faces,  less  180";  a  globe,  with  the  poles  of  Ihe  fiujes  of 
all  the  forms  of  a  crystalline  substance  described  on  it,  will  enable  U3  q>eedily  to  dete^ 
mine  the  inclination  of  any  one  face  to  another,  by  simply  measuring  the  distance 
between  their  poles,  and  subtracting  this  from  180°. 

This  method  of  mapping  crystals  was  invented  by  Professor  Neimuum,  of  Konigs-  I 
berg.  ; 

Zones. — In  the  combinations  of  crystals,  it  frequently  occurs  that  some  ed^es  jxe  ; 
parallel  to  one  another ;  instances  of  this  will  be  seen  in  Figs.  58,  69,  64,  66,  .70, 71, 
and  many  others.  The  poles  of  the  faces,  whoso  intersections  are  parallel  to  each  other, 
all  lie  in  a  great  circle  of  the  sphere  of  projection — a  great  circle  being  the  intersection 
of  a  plane  passing  through  the  centre  of  the  sphere  and  its  siirfiice.  When  three  <v 
more  faces  of  a  crystal  have  their  poles  in  the  same  great  circle^  they  are  said  to  fona  a 
sone^  and  the  great  circle  is  called  a  zone  circle. 

Maps  of  Crystals. — A  map  may  be  drawn  on  a  plane  surface,  representing  titf 
sphere  of  projection,  with  the  poles  of  all  the  faces  of  a  crystal  Such  msv^  when 
imderstood,  convey  to  the  mind  a  vast  degree  of  information  relative  to  the  inclinatioDS 
of  the  faces,  which  could  not  otherwise  be  represented,  solve  many  proUems  in  crys- 
taHogmphy,  and  exhibit  the  position  of  the  most  imp(Hiant  zones.  Professor  Jfilkr, 
of  Cambridge,  has  inserted  an  exc«edm^7  T^X^aaJolft  »ex\ea  of  these  nu^ps  of  crystals  i« 
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the  last  edition  of  PhiU^s's  mineralogy.  The  authors  of  tho*  present  treatise  take  this 
opportnnity  of  expressing  their  obligation  to  Professor  Miller^s  work,  to  which  thcy- 
would  beg.  to  lefsr  all  those  who  would  wish  to  master  the  science  of  crystallography. 

The  sttreographic  projection  of  the  sphere^  in  which  the  eye  of  the  observer  is  sup- 
posed to  bo  placed  on  the  surfSEice  of  the  sphere  in  the  polo  of  the  great  circle  upon  which 
the  sphere  is  projected,  is  that  generally  made  use  of  for  these  maps.    It  possesses  this 
adyantage  :  all  circles  on  the  sphere  are  represented  on  the  map  by  straight  lines  or 
j  arcs  of  circles. 

niap  of  the  principal  Zones  of  the  Cumcal  8yst^niNr— With  P^  as  a  centre, 
I  and  a  radius  P^  Pj  of  any  convenient 
i  length,  describe  a  circle  P3  Ps  P4  P3. 

Through  P^  draw  the  diameters 
P3  P5  and  P.^  P4  perpendicular  to  each 
otiier. 

With  P5  as  a  centre,  and  radius 
equal  P5  Pg,  or  P5  P4,  describe  the 
arc  P4  r^  Po,  cutting  P3  P^  in  ro. 

With  P3,  Po  and  P4  as  centres, 
and  radii  equal  to  the  former,  do- 
scribe  similar  arcs,  cutting  Pj  P5  in. 
%  Pj  P4  in  rs,  and  Pi  Pg  in  r^. 

Let  Oj  O2  O3  O4  be  the  points 
where  these  arcs  intersect  each. other. 

Join  Pi  Oi,  Pi  O3,  Pi  O3,  Pi  0^, 
uid  produce  them  to  cut  the  circle 
Pj  P3  P4  in  the  points  r^  r^  r,  and  r^. 

Figure  87,  thus  described,  is  an 
orthographic  projection  of  the  sphere, 
representing  a  hemisphere~with  the  principal  zone  circles  of  the  cubical  system. 

Pi,  P2,  Ps,  P4,  and  P5,  are  the  poles  of  the  faces  of  the  cube,  indicated  by  the  same 
letters  in  the  preceding  figures ;  0^  0^  03  04  the  poles  of  the  octahedron ;  r-^  r^  r^  the 
poles  of  the  faces  of  the  rhombic  dodecahedron.  Pi  r-^,  i\  Po,  P3  r^,  and  the  similar 
lines  and  arcs,  represent  arcs  of  great  circles  45°  in  length. 

If  the  north  pole  on  a  globe  be  chosen  as  the  pole  of  P^  the  equator  will  represent 
the  circle  Po  P3  P4.  Let  Pj  be  the  point  where  the  first  meridian  of  longitude.  Pi  Po, 
cuts  the  equator ;  then  P4  will  be  the  point  where  the  meridian  of  180"*,  andPg  and  P5, 
the  points  where  the  meridians  of  90"  east  and  west  longitude,  cut  the  equator. 

Let  ri  r^  r-i  r^  bo  the  points  where  the  circle  of  latitude  of  45'  cuts  these  meridians ; 
^5  »*8  r,  rg  points  in  the  equator  equidistant  from  Po  P5,  &c.  Draw  great  circles  passing 
through  Pi  Tfa  P^  r^  Pg  r^  intersecting  in  o^,  and  similar  circles  for  the  other  octants  of 
the  sphere,  and  the  map  Fig.  87  will  be  described  on  the  globe.  If  such  a  map  be  thus 
delineated  on  a  black  globe,  or  one  of  slate,  an  approximation  to  the  angles  given 
m  ihft'description  of  the  faces  and  their  combinations,  in  the  previous  part  of  this 
trestise,  may  be  made, — particularly  when  the  poles  of  other  forms  are  marked 
on  the  globe  by  methods  which  will  be  presently  described.  The  arc  Pi  Po, 
Pleasured  by  the  brazen  meridian,  or  by  the  flexible  brass  meridian  usually  sold  with 
globes,  win  give  the  inolinatiQn  of  two  adjacent  faces  of  the  cube ;  the  distance  between 
^  and  14,  similarly  measuied,  the  inclination  of  the  normalaoftwo  «A^W5fcTi\.l^<i«^Ql*^^  \ 
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rhombic  dodecahedron ;  o{  o^  that  of  the  normals,  of  adjacent  £u»8  of  the  octahedron ; 
\\  0,  of  the  normals  of  the  faces  of  the  cube  to  that  of  the  octahedron,  represented  bv  | 
thoi»c  Icttem ;  r^  o^  of  the  rhombic  dodecahedron  to  the  octahedron ;  and  so  on.  ' 

The  great  circles  represented  in  Fig.  87  by  the  lines  P,  P4  and  P3  P^  and  bj  the 
circle  V.^  P3  P4,  are  the  zones  in  which  the  poles  of  the  fottr-faeed  cube  always  lie,  one  I 
polu  Ipng  in  each  of  the  arcs  represented  by  the  letters  P  and  r,  and  at  the  same  ! 
distance  from  P  in  each  arc.  I 

The  poles  of  \h.c  four-faced  cube  lie,  therefore,  in  the  zone  circle  passing  through  1 
the  poles  of  the  cube  and  rhombic  dodecahedron.  i 

Tli(?  polos  of  the   tweiHy-four-faced  trapezohedron  always  lie  in  one  of  the  arcs  ; 


terminated  ])y  the  letters  P  and  o,  one  in  each.  Thus  one  pole  will  lie  in  Pj  o^,  one 
in  i\,  o„  ono  in  0,  P-j,  &c.,  and  each  polo  will  be  at  the  same  angular  distance  in  those 
arcs  from  Pi  Po  1^,  &c. 

The  poles  of  the  three-faced  octahedron  always  lie  in  the  arcs  terminated  by  the 
h)tter8  0  and  r,  one  in  each.  The  poles,  therefore,  of  every  form  of  the  twenty-four- 
fuc'cd  trapczohodron  and  three-faced  octahedron  lie  in  zones,  which  pass  through  poles 
of  the  cube  octahedron  and  rhombic  dodecahedron.  I 

The  poles  of   the  six-faced   octahedron  never  lie  in  any  of   the   zones  reprc-  | 
Hcntcd  in  Fig.  87.     They  always  lie  within  one  of  the  spherical  triangles  P  0  r,  one  in 
i»a('h  triangle,  and  similar  situated  to  its  angular  points.  ' 

Tho  above  facts  will  be  seen  more  clearly  by  a  reference  to  Figs.  89  and  90,  in  , 
wliicli  the  letters  a^" a.^  a^  represent  the  poles  of  a  twenty-four-faced  trapezohedrw;  , 
^'i  ^j  *;i»  those  of  a  three-faced  octahedron;  c^  r^  &c.,  Cq,  those  of  a  four-faced  ettk; 
<\  t\,  e-^j  &e.,  <•,.,  those  of  a  six-faced  octahedron.  I 

bescribc  a  square  (Fig.  88),  B3  B^  B7  Bg,  about  the  circle  P,  P3  P4,  touching  1 
it  in  the  points  P.  P3  P4  and  P,.  , 

Join  Pa  Pa,  P,  pj  Bg  B„  and  B; 
Bi ;  the  last  two  cutting  the  circle 
in  tho  points  r^,  >v»  ''7  ^^^  **3- 

"NVith  Bf,  as  a  centre  and  radius 
equal  B,^  r^  or  B^  r-,  describe  the 
aiY  >';  r.,  t\  r^^,  cutting  P,  P^  in  >. , 
luul  Pj  \\  in  /'i.  AVithB,,  B^and 
B;  as  centres^  and  with  the  same 
radius  dosinibe  the  arcs  r,^  r^  r^, 
»>  1*3  r^  and  i\j  r^  iv,. 

Tho  points  indicated  by  the 
letter*  P  and  r  will  rc^iresent  tJie 
$ame  poles  as  in  Fig.  87.  Each 
arc  such  as  r^  r^.  r^  r^  wiU  repre- 
sent the  half  of  a  zone  circle,  in 
which  all  thv'  poles  of  tho  six- 
faitHi  o^^tahtthcoi  whose  srmbob 


f1«.SS. 


aiv  of  the  foru:  1,  -  ♦  «•  wiU 

M  1 

Uo. 

The  aix^faved  octahedrons  K  j,  3;  1,|,4;  and  1.  f|,  61^  fiilfil  das 
*l)7^^ji  wo  me^  witk  the  cdsx^  of  the  iboMhit  dodKsbediai brv«iM  by  plmes^^ 
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tlie  six-fiiced  octahedron,  as  shown  in  Fig.  84;  we  know  that  the  poles  of  the  six-faced 


w  —  r 


octahedron  lie  in  this  zone,  and  must  have  its  symbol  of  the  form  1, 

Draw  the  arcs  P3  r^,  Pj  r^t  and  P3  r„  as  in  Fig.  88.  Let  flj  be  the  point  where 
r,  Tj  cuts  Pi  Tc,  «2  t^at  where  r,  r^  cuts  r^  Pj,  and  a^  that  where  r^  r^  cuts  P3  ri. 

«!  ffa  «3  will  be  poles  of  the  twenty-four-faced  trapezohedron  whose  symbol  is  1  2  2. 
These  lie  in  the  same  zone  as  those  of  the  six-faced  octahedrons  whose  symbols  arc  of 

the  form  1,  — ,  n. 

n —  1 

When,  therefore,  the  intersections  of  the  rhombic  dodecahedron  with  a  twcnty-four- 

faced  trapezehedron  make  parallel  edges,  as  in  Fig.  80,  we  .know,  without  measuring 

its  angles,  that  the  trax>czohedron  is  Uiat  whose  symbol  is  L  2  2. 

To  Determine  the  Position  of  the  Poles  of  tJie  Faces  of  the  Different  Form  of  the  Cubical 
System  on  the  Sphere  of  Projection, 
The  Ticentj/-four-faeed  Trapezehedron. — ^The ,  angles  marked  q'  under  the  article 
"Combmation  of  Cube  and  Twenty-four-feccd  Trapezehedron,"  page  317,  will  give  the 
circle  of  latitude  which  will  cut  the  zone  Pi  r^  in  a^  (Fig. 
89)  for  each  form  of  the  trapezehedron,  and  the  angle 
4>'  the  circle  of  latitude,  which  will  cut  the  zones  Pj  r^, 
and  P3  ^i,  in  a.^  and  03,  reckoning  each  circle  of  latitude 
from  Pi  as  the  north  pole.     Thus,  for  the  form  1,  2,  2,  ax 
is  the  point  where  the  circle  of  latitude  35°  16'  cuts  Pi  rg, 
and  a^  and  %  the  points  where  the  circle  of  latitude 
65"  54'  cuts  r2  P2  and  r^  P3. 

Three  poles  may  be  similarly  described  in  each  of  the 
other  octants  of  the  sphere,  and  thus  the  poles  of  the 
^^*  ^^'  twenty-four  faces  of  the  trapezohedron  may  be  placed  on    ; 

^  sphere  of  prqfection.  I 

The  Three-faced  Octa/icdron. -^JJnder  the  article  "  Combination  of  Cube  and  Three-    ; 
^*ced  Octahedron,"  page  316,  fl'  gives  the  circle  of  latitude  for  each  particular  form  of  the 
wU«e-faced  octahedron  which  cuts  the  zones  r^  Pg,  and  r.^  V.y,  in  the  poles  d^  and  b^f  <p' 
^  cirdo  of  latitude  which  cuts  the  zone  Pi  rg  in  b^. 

By  means  of  the  angles  0  and  4>',  the  poles  of  all  the 
«iown  forms  of  the  three-faced  octahedron  may  be  fixed 
Ott  the  spJtere  of  projection. 

The  Four-faced  Cube.—VixdeT  the  article  "  Combination 
of  Cube  and  Four-faced  Cube,"  page  318,  e'  gives  the 
^cle  of  latitude  which  cuts  the  zones  Pj  P2  and  Pi  P3  in 
the  poles  of  the  four-faced  cube  Ci  and  ^3,  and  <p>  the  circle 
of  latitude  which  cuts  the  same  zones  in  the  poles  r.,  and 
fi'j  the  poles  c^  and  c^  arc  distant  from  Pg  and  P3 
fctpectively  ff  degrees  in  the  zone  P.^  P3. 

We  can  thus  determine  the  position  of  the  poles  of  all  _ 

ho  known  forms  of  the  four-faced  cube  on  the  sphere  of  projection. 

The  Six-faced  Octahedron. — The  following  table  will  enable  us  to  fix  the  poles  of  the 
ix-faced  octahedron  on  the  sphere  of  projection,  considering  P,  (Fig.  90)  as  the  north 
•ole,  P,  P2  the  first  meridian  of  longitude,  and  Pj  P3  the  equator  •. — 
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For  the  form  1,  ^,  ^. 


Fortheforml,  ff,  64, 
For  the  form  1,  |,  2, 
For  the  form  1,  H>  ¥> 
For  the  form  1,  f ,  4, 
For  the  form  1,  ^,  3, 
For  the  form  1,  f,  5, 
For  the  form  1,  2,  4, 
For  the  form  1,  V»  V> 
For  the  form  1,  V,  4, 
For  the  form  1,  ^,  7, 
For  the  form  1,  4,  8, 


Latitude  of  pole  e^  =  45°. 

Longitude  of  e^  =  36^  52'. 
Latitude  of  pole  e^  ^  55°  33'. 

Longitude  of  e^  =  80**  58'. 
Latitude  of  pole  e^  =  64*  54'. 

Longitude  of  ^  =  38'  39'. 


Lat.  e^  =  44" 
Lon.  €i  =  0=* 
Lat.  tfi  =  42° 
Lon.  e^  =  33' 
Lat.  ^1  =  41° 
e,  =  32= 
=  38= 


e,  =  18' 


33'. 

55'. 

2'. 

41. 

0'. 

28'. 

20'. 

26'. 


Lat.  C2  =  45' 
Lon.  02  =  0" 
Lat.  e.,  =  56=* 
Lon.<f2  =  26° 
liat.  ^,  =  56= 


27'. 
54' 
9'. 
34'. 
24'. 


Lon.  <?2  =  25°  1'. 
Lat.  er=53°58'. 
Lon.  e.^  =  14°  2'. 
Lat.  ^2  =  57°  41'. 
Lon.  6o  =  18°  26'. 


Lat.  <?3  =  89°  22'. 
Lon.  «3  =  44°  33'. 
Lat.  <f3  =:  68°  12'. 
Lon,  cj  =  56°  52'. 
Lat.  63  =  69°  23'. 


Lat  Ct  =  59° 
Lon.  e.^  =11° 
Lat.  <?2=64° 
Lon.  Co  =  14' 
I^.  ^o  =  66' 


32'. 
19'. 

7'. 
2'. 
19'. 


Lon.  ^Tg  =  1*5'  15'.  Lon.  «^  z=.  24 

Lat.  e,  =  67°  00'. 

Lon.  e^  .=  14=  2'. 

Lat.  ^o  =  67°  1'. 

Lon.  ^2  =  8°  8'. 

I^t.  ^.  =  76M'. 

Lon.  c,  =r  6'  23'. 


Lat.  63  =  78°  41'. 
Lon.  63  =  36°  52'. 
Lat.  <?3  =  74'  SC. 
Lon.  63  =  33'  41'. 
Lat.  63  =  80°  16'. 
Lon.  63  =  30'  58'. 
Lat.  63  =  77°  24'. 
Lon.  e^  =  26°  34'. 
Lat.  ^3  =  76°  3'. 

26'. 

6'. 
Lon.  63  =  23°  38'. 
Lat.  tf3=82°31'. 
Lon.  fs  =  23°  12-. 
Lat.  63  =:  88°  5'. 
Lon.  60  =  14°  2'. 


Lon. 
Lat. 
Lon. 
Lat. 

Lon.  e^  =  26°  34'. 
Lat.  tfx  =  32°19'. 
Lon.  ^1  =  18°  26'. 
Lat.  6,  =  29°  12'. 
Lon.  e^  =  26°  34*. 
Lat.  61  =  27°  56'. 
Ix)n.  e^  =  30°  58'. 
Lat.  <?i  =  23°  45'. 
Lon.  e^  =  29°  45'. 
Lat.  e^  =  24°  19'. 
Lon.  fi  =  18°  26'. 
Lat.  61  =  16°  37'. 
Lon.  e^  =  26°  34'. 

The  latitudes  of  the  poles  e^  e^  and  ^4  (Fig.  90)  are  the  same  respectivdy  as  those  of 
<-i  <•>  and  ^3 ;  and  the  longitudes  of  e^  e^  and  64  are  respeetiTely  45°  greater  than  those  of 
tfi  f}  and  ^3. 

Remilieclxal  XVnms  of  tlie  Cubical  Sjsteitt. — It  has  beoi  already  obeenred 
(page  294)  that,  with  the  exception  of  the  cube  and  rhombic  dodecahedron,  another 
series  of  forms  may  be  derived  from  the  forms  of  the  cubical  system  whi<A  we  have 

described,  by  producing  half  their  fiwes  to  meet 
one  another  after  certain  laws.  These  fowns, 
from  the  method  of  their  derivation,  are  called 
hemihednd,  or  half-faced.  We  shall  proceed  to 
describe  them. 

Tbe  VeCzalMdzeB*— Ifwedeseribeacabe 

(Figr.  91)  as  directed  in  page  296,  the  figtoe 
whose  outline  is  bounded  by  the  lines  A^i-j 
A,  A^  A,  A^  A>  A^  A,  aJ  (Fig.  92)  A^  Ar, 
win  be  a  tetrahedron,  formed  by  the  develop- 
ment of  the  fsK^es  of  the  octahednm  <^posite  to 
the  angnlar  points  Aj  A3  A«  and  A5  of  the 
I^-«-  C!ibe.    This  is  calkd  tbe  p^nti^e  U^r*^^*^ 

AiH>theT  (etzahedron,  Aj  A^  A^  A^  (Fi?.  93)  mar  be  fismed  by  the  development  of  the 
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faces  of  the  octahedron   opposite    to  the  angular  points  A^  A4  A5  and  A7  of  the 
cube.     This  tetrahedi-on  is  precisely  similar  to  the  fbnner  in  magnitude,  but  differs 


Fig.  92. 


Fig.  98. 


fix)m  it  in  its  position  with  regard  to  the  cube  in  which  is  is  inscribed.  It  is  called 
the  negative  tetrahedron.  With  some  forms,  the  combinations  of  the  positive  tetra- 
hedron are  different  from  those  of  the  negative  tetrahedron. 

Faces,  Angles^  Edges^  %c. — The  tetrahedron  is  bounded  by  four  similar  and  equal 
plane  faces,  such  as  A^  Ag  A^  (Fig.  93),  each  of  which  is  an  equilateral  triangle.  It  has 
four  three-faced  soUd  angles,  which  touch  the  alternate  three-faced  solid  angles  of  the 
cube  in  which  it  is  inscribed ;  six  equal  edges,  one  of  which  corresponds  with  one 
diagonal  of  the  face  of  the  cube,  for  every  face;  the  cubical  axes  join  the  centres  of  the 
opposite  edges ;  one  half  of  each  octrahedral  axis  coincides  with  that  of  the  cube,  while 
the  other  half  is  cut  by  a  face  of  the  tetrahedron  at  a  third  of  its  distance  from  the 
centre.  The  adjacent  faces  of  the  tetrahedron  are  inclined  to  each  other  at  an  angle  of 
70"  32',  and  their  nommU  consequently  at  an  angle  of  109°  28'. 

Symbols. — The  symbol  for  this  form  is  H^*     Naumann's  symbol  for  the  tetrahedron 

M  ^  ;  Miller's,  ic  111;  frequently  the  same  symbol  is  used  as  for  the  octahedron,  only 

intimating  that  it  is  a  hemihcdral  form. 

Tq  describe  a  net  for  the  Tetrahedron  which  may  be  inscribed  in  a  given  cube. 
Draw  a  line  A4  A5  (Fig.  94)  equal  to  the  lino  A4  A5  (Fig,  91) ;  on  this  describe  an 


Fig.  94- 


Fig.  95. 


W«fcaral  triangle  Aj  A4  A5.    This  will  give  a  face  of  the  tetrahedron. 
Four  such  faces,  arranged  as  in  Fig.  95,  will  form  iiie  requited  Tiftt. 
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Crystals  of  tJie  following  minerals  Jiave  faces  parallel  to  tJte  Tetra/i^ron, 


Blende  (sulphuret  of  zinc). 

Boracite. 

Diumoud. 


Eulytine  (bismuth  blende).  Rbodizlt^'. 

Fahlerz  (gray  copper).  Tennantitc. 

Fharmacosiderite  (arseniate  of  iron).  Tritonite. 


TxirelTe-fiEtced  Txapezohedron.— The  ticehe-faced  trapezohedron  is  the  hcmihe- 
dral  form  of  the  three-faced  octahedron.  It  has  been  called  also  the  deltoidaly  or  the 
trapezoidal  dodecahedron. 

As  there  are  two  tetrahedrons,  one  positive  and  the  other  negative,  so  there  are  two 
twelve-faced  trapezohedrons— the  positive  one,  Fig.  96,  and  the  negative,  Fig.  97. 

The  positive  trapezohedron  is  formed  by  the  development  of  the  faces  of  the  three- 
faiccd  octahedron,  forming  its  three-faced  solid  angles  opposite  to  the  edges  Aj  A3  Aj 
and  A 8  of  the  cube  (Fig.  34,  p.  303) ;  the  negative  trapezohedron  by  the  development  j 
of  the  solid  angles  opposite  to  the  edges  Ao  A4  A5  and  A7  of  the  cube  (Fig.  34). 

These  trapezohedrons  are  in  all  respects  similar  to  each  other,  except  in  their  posi- 
tion with  respect  to  their  circiunscribing  cube,  and  their  combinations  with  other  forms. 


Fig.  97. 


Faces,  Aftgles,  Fdffes.—Uhe  twelve-faced  trapezohedron  is  bounded  by  twelve  similar 
and  equal  trapeziums,  such  as  A4  Pi  0^  P5  (Fig,  96),  having  the  edge  Pi  A4  equal 
P5  b^y  and  0^  P^  equal  0,  P^.  It  has  four  three-faced  solid  angles  which  always  lie  in 
the  octflhednil  axej  of  the  eubc,  such  as  O,,  0^  Oj,  0^  (Fig.  M),  four  tlme-fie^ 
soh'd^ftgUf  h^  64,  h^,  b,  (Fig.  96),  more  acute  than  tho  former,  which  lie  on  opposite 
sides  of  the  ^me  octahcdTal  axes  j  and  dx  four^fat^d  solid  anglEs^  which  always  lif  in  \^^' 


(FifT.  96),       There    ore    twx^ve   shorter  edgca 
joining  the   solid  uncles  marked  F  tmd  0,  and  ^^ 
twelve  longer  joinifig  the  solid  angles  indicated 
by  r  imd  B. 

Stmhotn. — Thp  aymbol  for  thi#  form  ig  —^  ; 


Xuunmnn^Ji  is 


wO. 


^liller's  K.HL 


j  To  draw  the  Ttctht»fttfeti   Tj^tpn^hedroH.  — 

)    Make  tho   some    eonstructiotk  us  for  Fig,   33, 
i   pngo  303,  and  ndd  Ihe  following,  a.^  in  Fig.  98. 
/  Tho  lotUrs  l\i  and  C  hav«  bt*en  omitted  in  Fig.  9S ;  they 
rofcn^n€v  to  Fig,  S3. 


Fl^,  98. 
easily  be  suppW  j^ " 
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In  B5  Ai  take  a  i>omt  H,  such  that  B5  H  =  ^rzn,  ^s  -^v 

Thusif»=:2   B5H  =  2-^    B,Ai=|b5Ai. 

Take  C  K  in  C  Pi  equal  to  B^  H.     Join  H  K^  cutting  A^  C  in  i^. 

Through  b^  draw  bi  b.^  parallel  to  A^  A3  cutting  C  A2  in  b.,,  and'^j  b^  parallel  to 
A,  A4  cutting  C  A4  in  ^4 ;  and  so  on  till  the  cube  i^  ig  hy  ^^*  ^8>  is  described  as  shown 
in  Fig.  98. 

Joining  the  points  P^,  P2,  &c.,  Pg,  0^  Og,  &c.,  Jg  hi  &c.,  as  in  Fig,  96,  the  positive 
trapezohedron  will  be  described ;  and  joining  P^  Pg,  &c.,  Pq,  0^  O4,  &c.,  b^  b^,  &c.,  as  in 
Fig.  97,  the  negative  trapezohedron. 

Axe8. — ^The  cubical  axes  terminate  the  opposite  four-faced  solid  angles,  and  coincide 
with  those  of  the  cube.     One  half  of  each  octahedral  axis  is  cut  by  a  three-faced  solid 

angle  at  a  distance  C  0^  =  n-jr\  ^^^  ^®  centre  C,  and  the  other  half  by  the  other 

"1    n 

three-faced  solid  angle  at  a  distance  Cb  = j^    from  C, 

As  n  varies  from  1  when  this  form  coincides  with  tetrahedron  to  00  when  it  coincides 
with  the  rhombic  dodecahedron,  C  0  increases  from  a  ^rd  to  ^  of  C  A,  and  C  b  diminishes 
from  C  A  to  ^  C  A. 

Inclination  of  Faces  of  the  Twelve-faced  Trapezohedron. — If  6  be  the  angle  of  inclina- 
tion of  two  adjacent  faces,  over  an  edge  P  b,  and  </>  the  angle  over  the  shorter  edge  P  0, 


'  2  «2  -f  1 


2«2+  1 


To  Describe  a  Net  for  the  Twelve-faced  Trapezohedron^  which  may  be  inscribed 
in  a  given  Cube. 

Describe  the  figure  A^  Pi  CB3  (Fig.  99)  the  same  as  Ai  Pi  C  B5  (Fig.  35)  page  303. 

Take  C  K  and  H  B5,  both  =    -^.  C  V^. 

Join  Aj  C  and  H  K,  cutting  in  b  and  then  join  Pi  b. 


Fig.  99. 


Fig.  101. 


[]^i  Oi  Pa  (Fig.  100)  be  the  same  triangle  as  P^  0,  Pg,  Fig.  36,  page  304. 
^    On  Pj  ^2  as  a  base  describe  an  isosceles  trianjl3  Pj  b  P.^  (Fig.  100),  having  each  of 
^t8  rides  Pj  4  Pj  b,  equal  Pj  i,  Fig.  99. 
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Twelve  such  figures  as  0^  P^  ^  P^,  arFanged  as  in  Fig.  101,  -wfll  give  the  required 


net. 


Forms  of  the    Twelve-faced  Trapezohedron. — ^The  form 


11:2   20 


Naumaim ;  k.  122 


Miller ;  has  CO  =  |  CA,  and  Ci  =  f  CA.    Inclination  of  faces  oyer  P*  90°,  that  of 
their  normals  90° ;  over  the  edge  PO  152"*  44',  that  of  their  normals  2T  16'. 
Faces  of  this  form  occur  in  Blende,  Diamond,  and  Pharmacosiderite. 

The  form  ^il,  ^  Naumann;  k.233  Miller;  has  CO  =»  ^  CA  and  CA  =  f  CA.  In- 

clination  of  faces  over  the  edge  P*  82°  9',  that  of  their  normals  97*  51' ;  over  the 
edge  PO  162°  40',  that  of  their  normals  17°  20'. 

Faces  of  this  form  have  been  observed  in  Fahlcrz. 

The  Thxee-Faced  Tetrahedron. — The  three-faced  tetrahedron  has  three  &ces 
corresponding  to  each  face  of  the  regular  tetrahedron ;  it  is  called  also  the  trigonal 
dodecahedron^  triakistetrahedron,  pyramidal  tetrahedron,  and  by  Haidinger  kuproid. 

This  form  is  derived  from  the  twenty-four-faeed  trapezohedron  by  the  devdopment 
of  half  its  faces.  The  faces  forming  the  three-faced  solid  angles  0^  Og,  &c.,  opposite 
the  solid  angles  A^  A,  Ag  and  Ag  of  the  cube  (Fig.  39,  p.  305),  producing  the  posUivt 


Fig.  102. 


Rg.  lOS. 


three-faced  tetrahedron  Aj  A4  A5  A7  (Fig.  102) ;  and  those  opposite  the  solid  angles  Aj 
A4  A7  and  A5  (Fig.  39),  the  negative  three-faced  tetrahedron  A^  A3  A,  Ag  (Fig.  103.) 

These  three-faced  tetrahedrons  are,  in  all  respects,  similar,  except  in  their  position 
and  consequent  modification  of  their  combinations  with  other  forms. 

Faces,  Angles^  and  Edges — The  three-faced  tetraliedron  is  bounded  by  twelve  equal 
and  similar  isosceles  triangles.  It  has  four  three-faced  solid  angles^  Oj  Og  &c.,  opposite 
the  alternate  three-faced  solid  angles  of  the  cube  in  which  it  is  inscribed,  and  four  tix- 
faced  solid  angles  A^  A4  &c.,  which  touch  the  other  alternate  three-faced  sc^id  Miglesof 
the  cube.  The  edges  are  twelve  shorter  AO,  AO,  &c.,  joining  the  three-faced  and  six- 
faced  solid  angles,  and  six  longer  AA,  AA  «S:c.,  each  lying  along  a  diagonal  of  a  face  oi 
the  cube,  and  joining  the  six-faced  solid  angles  together. 

Symbols. — ^The  symbol  for  the  tlrce-faeed  tetrakedton  ia    ^.  Naumann's  is  - 
and  MiUefs  K.hhk, 
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Todraurthe  Three-faced  Tetrahedron. — Deaciabe  the  same  figure  as  directed' (Pig. 
39,  p.  305),  for  drawing  the  twenty-fow-faced 
trapesohedron. 

Join  the  points  A^  A4  0^  A5  A^,  &c.,  as  shown 
ia.Fig.  K)2yforthe  poeitive  three-faced  tetrahe- 
iron,  and  tiie  points  A^  A,  Oj  O4  Ag  O5,  &c.,  as 
shoiiin  in  Fig.  103,  for  the  negative  three-faeed 
tetrahedron. 

Axes. — ^The<  ottHcal  axes  join  the  centres  of 
the  opposite  longer  edges  of  the  three-faeed 
tetrahedron  ;  one  half  of  each  octahedral  axis 
coincides  with  that  ef  the  cube,  and  the  other 

half,  as  CO  is  the  ^-^  ^th  part  of  CA. 

Inclination  of  adjacent  Faces. — If  d  be  the  angle  of  inclination  of  two  faces  over  one 
of  the  longer  edges,  as  A^  A3,  and  tp  over  one  of  the  shorter  edges  as  OA, 


Cos.  e  =  - 


COS.  <p  : 


.  2w  +  I 


2  ^        m*-*  4-  2 

Limits  of  Form. — ^As  m  increases  in  value  from  1  to  c»,  this  form  varies  from  that  of 
the  tetrahedron  to  that  of  the  cube,  and  CO  increases  from  the  ^rd  to  the  whole  of  CA. 

To  construct  a  Net  of  the  TJiree-faced  Tetrahedron  which  can  be^  inscribed  in  a  given 
Cube. — Draw  a  face  P^  R4  0^  R^  (Fig.  105),  of  the  twenty-f our  faced  trapezohedron  from 
which  the  three-faced  tetrahedron  is  derived,  as  described  in  Fig.  42,  p.  307. 


Fig.  105.  Fig.  106. 

Through  Pj  draw  A4  A^  perpendicular  to  P^  Oj. 

Produce  0^  R4  to  meet  P^  A4  in  A4 ;  and  0^  R^  to  meet  P^  A3  in  A^.  Then  the 
isosceles  triangle  0^  A4  Aj  will  be  a  face  of  the  required  three-faced  tetraJtedron ;  and 
twelve  such  faces,  arranged  as  in  Fig.  106,  will  form  the  required  net. 

Naumann,    k.    112 


Forme  of  the  Three-faced  Tetrahedron.  —  The  form  1^^  — 


Miller;  has  CO  =  ^  CA.     Inclination  of  faces  over  the  longer  edge  AA  109°  28',  that 
of  their  normals  70°  32' ;  over  the  shorter  edge  OA  146^  27',  normals  33°  33' 
This  form  occurs  in  Boracite,  Eulytine,  Fahlerz,  and  Tennantite. 

Inclination  of  faces 


The  form  — ,  ^^  Naumann,  k.  113  Miller,  has  CO  =  |  CA. 


over  the  longer  edge  AA  129°  31',  that  of  their  normals  50°  29' ;  over  the  shorter  edge 
OA  129°  31',  that  of  their  normals  50°  29'.-^This  form  occurs  in  Blende  and  Fahlerz. 

The  form  ^i»  i^^  Naumann,  k.  223  Miller,  has  CO  z=  4  CA.     lTyi^M\a.^<i^  ^'i 


\ 


aae 
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facos  over  the  longer  edge  AA,  B3*  22',  that  of  tteir  uormalfi  36'  3S' ;  over  the  shorter 
edgfl  OA,  160'  15',  that  of  their  Bormok  19^  45'. 

Thh  form  oc^tirs  In  Tennantite. 

Slx.-facod  Tetzahedion^— Th«  thc-faeed  ieimhedrofi,  called  also  ihg  h&gakk- 
tHrnli^dron^  and  by  ilaidingor  haracUaid^  is  e  tcmihpdrfll  form  derived  fram  the 
ti'je-fnced  ocla/t^'iron^  by  tbo  dLvvelopraont  of  the  faces  canstitittiiin:  four  of  its  solid  iii* 
fojced  anglos,  opposite  the  ultpmatt^  solid  angteft  of  the  cuhc  in  irhich  it  is  inscribed. 

Thus,  if  the  faces  constitatinf  the  aix-faced  solid  tmglcfl  Oj  0^  0^  0„  oppoBt&Hie 
anglcfl  Aj  A^Aa  Ag  (Fig.  50,  page  311),  of  the  ouhe»  be  produced  to  meet  one  aiMxth^,  ^ 
TC3\iltmg  %are  ia  the  ptmiivc  mj^-fai^  isirah^drofi  (Fig-  107J.    lit  tha  &iDea  af  Che  flo^ii 


nglea  0,  0^  Q^  0^,  opposite  the  angles  Aj  ^S^  A^  and  A^  {Fig.  50)  of  the  cube  he  pw^ 
daeed  to  meet,  the  resulting  figure  t^tH  he  the  neffittite  iix^fnced  fetr^h^fati  (Fig*  109). 
Fiife%  Soiid  Aftffle^f  and  Ed§€i. — The  tt^-faeed  tetrahedron  i&  bounded  hj  twenty-foiur 
equnl  and  Bimihir  scalene  triangles^  finc^h  as  P^  0]  h^  (Fig.  107).  It  has  four  si^'fatd 
mlid  att^ks  0|  Q^,  &c«,  which  are  the  eozue  as  the^  of  the  tlx~/aced  oeiahedrcm  ftiiP 
which  it  h  derived  j  these  always  lie  in  the  octahedral  axh  of  the  cuhe  in  which  the 
figure  eaa  be  inseiibed.  The  four  six^faccd  $elid  anffie*  b^  jfi^j  &c.  more  acute  than  tbi; 
former,  olwayg  Uc  iu  the  oetahedrsd  axes  of  the  cube,  hut  on  the  other  aide  of  the 
centre  of  the  fijjure  from  the  former ;  thus  each  oetahedral  axis,  as  Aj  A^  (Fig.  50)  of 
tlie  cube  lins  one  aix-faced  solid  jmgle^  such  ae  Oj^  on  one  side  of  its  centre  Cy  and  m 
the  other  side  a  more  ot'ute  six-faced  solid  angle  h*.  There  are  &is.f6ur-famd  mi\ditn§ksy 
1*1  P^,  &^e.,  Pg,  which  terminate  the  cubical  axe^  and  touch  the  eube  in  which  the  figiipe 
is  inscribed  in  the  centre  of  each  face.    It  hm  twelve  shorter  edges  joining  the  four* 

:^/eed  solid  angles  with  the  obtuse  dx^faced  solid 
angles,  such  as  P^  Oj  (Fig,  107) ;  twelve  inter* 
mediate  joining  the  fonr-fticod  with  the  ncirtc 
BLJC^faced  solid  angle^^  such  as  P^  5^ ;  and  twelve 
longer  joining  the  acute  and  obtnae  ai^-fiicefl 
solid  angles,  such  as  0|  i^^. 

ToBmw  th^  BiJt -faced  Telrahtdnm. — ^Desenbe 
a  cube  ^^  A,  A^  &c,,  Ag  (Fig*  lOU) ;  draw  ita 
oe^hedra!  axes,  and  in  it  in^rribe  a  ciibc 
O^  0^  t>,  &e.j  Ob,  as  directed  in  Fig,  50,  pagtf 


311,  smh  thatOj  0,  ^ 


I 


Fig.  \m. 


i  +  i+^ 
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The  letters  A^  B^  E^  D  and  P^  having  tho  same  position  in  Fig.  109  that  they  have 
in  Fig.  50,  make  the  following  additional  construction. 
In  Bj  Ai  take  a  point  K  such  that, 

B.K=  J-      A,B,. 

1  +  \  -^ 
m      n 

In  CPi  take  CH  =  B^  K^.     Join  HK  cutting  CA^  in  b^. 

Through  b^  draw  b^  b.,  parallel  to  A^  A^  and  meeting  CA.^  in  b^,  and  b^^  b^  parallel  to 
Aj  A4  meeting  CA4  in  i^,  and  so  on,  till  a  cube  ^  b^  *a,  &c.,  b^  is  inscribed  in  the  cube 
Aj  Ag,  &c.,  Ag  having  Cb^  Cb.^,  &c.,  Cb^  for  its  octahedral  axes. 

Join  the  points  P^  0^  b.^  &c.,  as  shown  in  Fig.  107,  for  the  positive  six-faced  tetra- 
hedron, and  Pj  O2  Jp  &c.,  as  in  Fig.  108,  for  the  negative  six-faced  tetraliedron. 

Symbols. — The  symbol  for    the    six- faced   tetrahedron  is       .  - '  Naumann's  _-— 

and  Miller's  K.hkl. 

Axes  of  the  Six-faced  Tetrahedron. — The  cubical  axes  join  the  opposite  four-faced 
solid  angles,  and  the  octahedral  axes  join  the  obtuse  four-faced  solid  angles  to  the 
acute  four-faced  solid  angles   opposite  to  them  ;  the  former  at  a  distance  equal  to  the 

T-th  part  of  the  extremity  of  the  octahedral  axis  from  the  centre,  and  the 

*  m   *   n 

latter  at  the  — ^th  part  of  that  distance. 

1+--- 

m       « 

Inclination  of  the  adjacent  faces. — If  $  be  the  angle  of  inclination  of  two  adjacent 
faces  over  the  edge  PO  (Figs.  107  and  168),  joining  the  four-faced  and  obtuse  six-faced 
solid  angles, 

Cos.  e  = 

^  "*"  ^^  "*"  ¥^ 

If  <l>  be  the  angle  of  inclination  over  the  edge  Oi,  joining  the  obtuse  and  acute  six- 
faced  solid  angles, 

_                       m    '    n^ 
Cos.  ^  =    T Y" 

^  m2  ^  »2 

If  1^  be  the  angle  of  inclination  over  the  edge  Vb,  joining  the  four-faced  and  acute 
8ix-&ced  solid  angles, 

1--?- 

Cos.  +  =  j-^ 

1  -4-  —  4-  - 

Limits  of  the  form  of  the  six-faced  tetrahedron. — ^As  m  and  n  approach  in  magnitude 
to  unity,  the  six-faced  octahedron  approximates  to  the  tetrahedron  ,*  and  wh<iT\.m«S!L^n 
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aro  both  equal  to  unity)  it  becomos  the  tetrahedron.  In  this  caae  the  six  fiices  fonning 
the  obtuse  six-faced  solid  angle,  as  well  as  the  edges  PC  and  0^  allJie  in  the  nme 
plane ;  and  the  edges,  such  as  P^  3^  and  P^  b.^  in  the  same  straight  line. 

As  m  and  n  increase  in  magnitude  and  equality  to  each  other,  the  six-faeed  tetrahe- 
dron approximates  to  the  ctibe  ;  and  when  m  and  n  are  both  infinitely  great,  it  coincides 
with  it.  In  this  case  the  four  planes  which  form  each  four-faced  solid  angle  lie  in  the 
same  plane. 

As  m  approaches  to  unity,  while  n  increases  in  magnitude,  the  six-faced  tetrahedron 
approximates  to  the  rhombic  dodecahedron ;  and  when  m  equals  unity,  and  n  is  infinite^ 
great,  it  becomes  the  rhombic  dodecahedron.  In  this  case  the  planes  on  each  aide  of  tiie 
edge  Ob  lie  in  the  same  plane. 

'  When  m  equals  unity,  while  n  remains  finite,  the  six-faced  tetrahedron  becomes  the 
twelve-faced  trapezohedron ;  and  the  faces  on  each  side  of  the  edge  Ob  lie  in  the  same 
plane. 

When  m  and  «  are  equal  to  each  other,  both  finite  and  greater  than  unity,  the'«»- 
faced  tetraJhedron  becomes  the  three-faced  tetra/tedron,  and  tiie  fsMes  on  each  aide  of  the 
edge  PO  lie  in  the  same  plane. 

When  m  remains  finite,  and  n  becomes  infinite,  the  six-faced  tetrahedron-hecamenliiS 
four- faced  cube^  and  the  faces  each  become  equal  and  similar  isosceles  trian^es. 

From  the  above  it  will  be  seen  that  the  ctdfe^  rhombic  dodecahedron,  and  four-faced 
cube,  are  limiting  forms  of  the  hemihedral  form,  the  six-fcuced  tetrahedron. 

To  describe  a  Net  for  the  Six-faced  Tetrahedron  which  may  be  inscribed  in  a  given  Cube. 

Draw  Ai  P^  B^  C  (Fig.  110),  intersected  by  A^  C  and  ED,  meeting  in  Oj,  as  directed 
for  Fig.  52,  page  313. 

^^iC. 


Take  CH  = 


]Make  B-,  K  =  CH.    Join  KH,  cutting  A^  C^in  b^. 

Join  Pi  Oj,  Pj  *i.  " 

Produce  Ai  B^  to  A5  and  P^  C,  to  P,.     Make  B^  k^=k^  B^,  C  P6=P,  C. 

Take  B,  E'  =  B^  E,  and  C  D'  =  C  D. 

JoinE'  D',  A5P0. 


l^ 


Fig.  110. 


Fig.  111. 


O 


Fig.  112. 


InE'D'takeE'05  =  E0i. 
Join  by  O5, 
Then  Fig.  Ill,  draw  d  0  =  *i  O5  of  Pig.  110,  and  on  it  describe  a  triengieP^^*  J 
having  the  side  P  *  =  Pi  *„  and  the  side  P  O  =  Pi  Oj  of  Fig.  110. 
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Then  P  d  o  (Pig.  Ill),  is  a  face  of  the  six-faced ,  tetrahedron  required,  and  twenty- 
fonr  nich  facesaxranged,  sus  in  Fig.  112,  irill  give  the  required  net. 

Forma  of  the  six-faced  Tetrahedron.— ThQ  form    '  f '    ,    *     '  ^      ^aumann,'      and 

K.  5,  3)  1  Miller,  is  the  only  one  which  has  been  ebseryed  in  nature. 

Its  obtuse  six-faced  angles  cut  the  octahedral  axes  of  the  cube  at  a  distance  =  f , 
and  its  acute  six-faced  angles  at  a  distance  =  ^  of  the  centre,  from  the  extremity  of  the 
octahedral  axis. 

e  =  152°  20''  <p  =  152°  20',  and  i|/  =  122°  53'.; 

Faces  parallel  to  this  form  hare  been  observed  in  crystals  of  horacite.^ 

Bemihedzal  Forms  with  inclined  Faces.— The  preceding  hemihedcal  forms 
whioh  -we  have  considered,  may  be  referred  to  the  tetrahedron  as  their  t3Fpc,  and 
may  aU  be  derived,  as  we  have  shown,  from. the  six-faced  tetrahedron;  none  of  these 
forms  have  a  face  parallel  to  any  other  face  of  the  same  form.  There  are  two  hemihedral 
fonns  with  parallel  faces. 

^Bemihedial  Forms  with  Parallel  Faces.— One  hemihedral  form  with 
pandlel  faees  is  derived  from  ihe  four-faced  cube,  and  is  a  twelve-faced  pentagon ;  the 
other  is  obtained  from  the  six-faced  octahedron^  and  is  a  twenty-fiur  faced  trapezohedron. 

nte  VenlagOBal  Dodecahedron.— The  pentagonal  dodecahedron,  called  also  j;he 
pyritaidy  ha»  twelve  pentagonal  faces,  and  is  a  hemihedral  form  of  the  four-faced  cube 
derived  from  it,  according  to  the  foUawing  laws : 

The  alternate  faces  of  each  six-faced  solid  angle  0^  Og  Oj,,  &c.,  Og  (Ilg.  44,  page 
308),  Qti\iQ  fowr-faced  cube,  are  produced  to  meet  each  other. 

Thus  the  faces  Pi  0^  0^,  Pg  0^  O5,  and  P^  0^  0.^  (Fig.  44),.  of  the  an^e  0^,  and  three 
similaily  situated  faces  of  the  other  six-faced  solid  angles,  produce  the  positive  pentagonal 


Pig.  113. 

ifiMfewiAerfron  (Fig.  113).   The  remaining  faces  O4  0^  Pg,  O5  Oi  P3,  and  0^  0^  Pj,  and  those 
sunilarly  situated  to  them,  produce  the  negative pentoyonal4odeenhedron{¥\^.  lT4y. 

Faces,  Solid  Angles,  and  Edges.— T[^  form  is  bounded  by  twelve  equal  and  similar 
penta^nal  faces,  such  as  b^  0^  br,  G4  b^  (Fig.  113).  These  pentagonal  faces  have  always 
foTir  of  their  edges  equal  to  each  other,  the  fifth,  i^  ^3,  generally  unequal  to  the  others. 
The  only  case  in  which  i^  b^  is  equal  to  the  others,  is  that  of  the  regular  pentagonal 
dodecahedrofi,  which  is  one  of  the  fve  platonic  bodies  ;  this  form  has  not  been  observed 
hi  nature. 
The  pentagonal  dodecali^dron  has  eigkt  iltree-faeed  solid  angles  which  always  lie  in  the  , 
I  octahedral  axes  of  the  cube  in  which  it  can  be  inscribed,  0^0^  &c.  ^V^.  W.%  %3wl\X*^.  \ 
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And  twelve  three-faced  solid  angles  which  do  not  lie  in  any  ono  of  the  three 
species  of  axes  belonging  to  the  cube.  They  always  lie,  however,  in  a  face  of  the 
circumscribing  cube.  There  are  twenty-four  edges  (0^)  joining  the  three-faced  solid 
angles,  bounded  by  equal  plane  angles  lying  in  the  octahedral  axes,  with  the  three-faced 
solid  angles  bounded  by  unequal  plane  angles^  and  six  edges  {bb)  joining  the  two  species  of 
three-faced  solid  angles  together.  These  six  edges  (bb)  always  lie  in  a  face  of  the  circum- 
scribing cube,  in  a  line  passing  through  the  centre  of  the  face  parallel  to  one  of  its 
edges,  and  the  cubical  axes  always  pass  through  the  centre  of  this  edge.* 


1  m  00 


Naumann's  - 


Of 


Symbols.— The  symbol  for  the  pentagonal  dodecahedron  is- 
and  Miller's  irMo, 

To  draw  tlie  Pentagonal  Dodecahedron.— Vrick  off  the  points  P^  P^,  &c.,  Pc,  B^  BoBj, 
&c.,  Bi2,  and  0^  0^  O3  O4,  &c.,  Og,  of  Fig.  45,  page  308. 

J»in  V,  Pe,  P,  Pi,  and  P5  P3. 

Also  Bi  B3,  B2  B4,  Bi  Bg,  B3  Be,  &c.,  Oj  0.^  0^  O4,  &c. 
(Fig.  115). 

Along  each  of  these  lines  take  Pj  ij,  Pj  i.,,  &c., 
=  (i-l)PiB„(i-l)P,B2,&c. 

The  portions  ij  B^,  i,  B,  are  omitted  in  Fig.  115.        t 

Then  joining  the  points  b^  ^3  bg,  with  Oj  O4,  b^  b^^'bg, 
with  O5  Oi,  &c.,  as  in  Fig.  113,  the  positive  twelve-faced 
pentagon  will  be  delineated.  The  negative  twelve-faced 
pentagon  wiU  be  drawn  by  joining  0^  O.^  with  ^4  b^  and  b^y 
and  Oi  and  0^  with  b^  b^Q  and  d«,  &c.,  as  in  Fig.  114. 

Axes. — The  cubical  cues  join  the  centres  of   the 
opposite  six  unequal  edges ;   the  octahedral  axes  join  the  opposite  three-faced  solid 
angles  contained  by  equal  plane  angles. 

Inclination  of  Adjacent  Faces. — If  B  be  the  angle  of  inclination  of  two  adjacent  faces 
measured  over  the  edge  bb^,  and  ^  the  angle  of  inclination  of  adjacent  faces  over  tlie 
edge  Ob,  then 

Cos.  d  =  Vh    and  cos.  <b  =  _?^__. 


+  i 


Limits  of  the  Form. — ^As  m  increases  from  1  to  00,  iikQ  pentagonal  dodecahedron  varies 
from  the  rhombic  dodecahedron  to  the  cube.  The  nearer  the  pentagonal  dodecahedron 
approaches  to  the  rhombic  dodecahedt-vn,  or  m  to  1,  the  smaller  becomes  the  edge  b  h, 
till,  when  w  =  1,  it  vanishes  altogether ;  and  the  greater  m  becomes,  or  the  form 
approximates  to  that  of  the  cube,  the  nearer  the  edge  b  b  approaches  to  two,  or  the 
length  of  the  edge  of  the  circumscribing  cube. 

To  construct  a  Net  of  the  Twelve-faced  Pentagon  which  can  be  inscribed  in  a  given  Cube. 
—The  same  construction  being  made  (Fig.  116),  as  directed  for  Fig.  46,  page  309,  add 
the  following : — 

Let  H  be  the  point  where  E  0^  cuts  Bj  Pj. 

Take  *  in  B^  Pj,  so  that  Bj  *  =  i  B^  Pj. 

Take  C  L  =  Pj  *.    Join  bJj,bT^  the  latter  cutting  E  H  in  M. 

JoinLM.  TakeLS  =  LM.  Through  S  draw  S  T  parallel  A,  B5 ;  meetingEH 
in  T,  Wd  join  b  T. 
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Thai  (Fig.  117)  draw  P  0  =  Pj  Oj,  Fig.  116.    On  P  0  describe  the  triangle  P  *  0, 
having  its  side  *  0  =  T  *,  Fig  116,  and  the  side  P  *  =  P^  b,  Fig.  116. 


FU.  116. 


Fig. 117. 


Fig.  118. 


On  the  other  side  of  P  0  (Fig  117),  describe  the  triangle  P  *",  0  haying  the  side 
0  A"  =  T  *,  Fig.  116,  and  side  P  b"  =  V^  b,  Fig.  116. 

On  the  opposite  side  of  P  b"  describe  the  figure  P  b'  0'  b'\  similar  and  equal  to 
P  i  0  b'\  Then  b'  b  0  b"  0'  is  a  face  of  the  required  form,  and  twelve  such  penta- 
gonal faces,  arranged  as  in  Fig.  118,  will  give  the  required  net. 


1  2  00        00  0  2 


2 


Forms  of  tJie  Fentagonal  Dodecahedron. — The  form 

T.  210  Miller,  has 

e  =  126°  52',  and  <f>  =  113°  35', 

the  angles  of  their  normals  being  53°  8',  and  66°  25'. 

This  form  occurs  in  crystals  of  Cobaltine,  Gersdorffite,  and  Pyrite. 

1  3  00       00  0  3 
The  fonn  — ^r — >    —   „ —  Naumann,  and  7.  310  Miller,  has 

e  =  143°  8',  and  <^  =  107°  27', 
the  angles  of  their  normals  being  36°  52',  and  72°  33'. 
It  occurs  in  Hauderite  and  Pyrite. 


Naumann,  and 


The  form 


1  f  00        00  Of 


Naiuuann,  ir.  320  MUlcr,  has 


2      '         2 

e  =  112°  37',  and  «^  =  117°  29', 
the  angles  of  their  normals  being  67°  23',  and  62°  31'. 
Occurs  in  Pyrite. 


The  form 


1  4oo        00  04 


Naumann,'ir,  410  Miller,  has 


2     '         2 

e  =  161°  56',  and  <^  =  103°  37' ; 
the  angles  of  their  normals  being  28°  4',  and  76°  23'. 

It  occurs  in  crystals  of  Cobaltine. 

The  XnreguUx  Twenty-fouz-faced  Txapezohedxon.— Called  the  irregidar 
tMcenty-four-faced  trapezohedron  because  its  trapezoidal  faces  have  only  two  edges  equal 
to  each  other,  and  to  distinguish  it  from  the  ticenty-foftr-faced  trapezohedron^  which  is  a 
holohedralformf  and  has  its  four  edges  eqn&l  to  ^ach  other  in  pairs.  This  form  is  called 
also  the  Trapezoidal  icoUtetrahedrony  the  Dyakis  dodecahedron y  the  Diploid,  and  the 
Diplqpyritoid. 
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It  u  derxred  from  tiie  tix-frnted  octahtiron  \f\  tiie  derdofMent  of  luilf  its  face 
aecasimg  to  llic  fidlowuiglBW. 

Each  alternate  fiice  of  the  six- 
faced  solid  angle  Oj  (Fig.  49, 
page  311),  and  the  siniilarb|r- 
dtuated  faces  of  the  other 
seven  six-faced  solid  angles  arc 
produced,  till  they  meet  to  form 
the  positive  tu:entg-fcmr-faced 
^---^^^^      -  irapczohMlron  CFig.  119).     The 

^     /^  remaining    fiices,    when   pro- 

Fi?.  119.  duced,  form  the  ne^vthe  ticenty- 

four- faced  trapezoltdrcn  (Fig.  120). 

Faeesy  Solid  Anght^  and  Edges. — This  form  is  hounded  hy  twenty-four  irregular 
trapeziums,  such  as  P^  b.^  Oj  i,j  (Fig.  119),  haying  only  two  sides  equal,  as  o^  3.,  ando^^ii. 
It  has  six  four-faced  solid  angles,  such  as  P^  Py  &c.,  P^,  which  terminate  the  opposite 
extremities  of  the  cuhical  axes,  and  touch  the  centre  of  each  ^ce  of  the  circumscribing 
cube.  Eight  three-faced  solid  angles,  o^  o^  &c.y  Ot»  'which  always  lie  in  the  octahedral 
axes  of  the  circumscribing  cube.  Twelve  foitr-faced  solid  angles,  b^  b^  &c;,  which  do  nqt 
lie  in  the  cubic,  octahedral,  or  rhombic  axes  of  the  cube.  It  has  twelye  shorter  edges, 
Pj  ^1,  P,  b.^  &c. ;  twelve  longer,  P^  iji,  Pg  bj^,  &c. ;  and  twenty-four  intermediate  edges, 


K"]- 


Xaumann 


Symbols. — ^The  symbol  for  this  form  is 

Miller  »,  h  k  I, 

To  Draw  the  Irregular  Tic  entg-f our -faced  Trapezolttdron.—Vris^  off  the  points  PjP.' 


V-' 


o^^ 


F^ 


W 


.'^:i 


&C.,  Pc,  Oi  0.^  &C.,    Og,    &   C, 

-"b,  from  Fig.  51,  page  312,  for 

the  Figs.  121  and  122.  Join 
C  Pj  C  Pg,  &c.,  Oj  Oj  Ojj,  &c. 
In  CPj,  CP2,  &c.,  CPe, 
take  points  e^  e.^,  &c.,  e^ 
(Figs.  121  amd  122),  auch 
that 
^6*  l-J 

ee  =  1 r  0  P. 


1^ 


Fig.  121. 


1—  ^■ 

In  Fig.  121,  through  e^ 

and  6«  draw  Jj  *2»  ^'^'^  ^1  hi  parallel  to  C  P.> ;  throng  e^  and  e^  bJb^,  and  b^  b^,  parallel 

to  C  P3 ;  and  through  e^  and  e^,  b^^  b^^  and  b^  ijo,  parallel  to  C  Pj.     Also,  in  Fig.  122, 

draw  *i3  *H,  and  b.^^  b^^,  parallel  toCPa ;  b^-  and  b^  and  b^^  b^^  paraUd  to  C  P^i  and 

*io  *20>  ^21  *22>  parallel  to  C  Pg. 

1  —  ^ 

Throughout  both  figures  take  «  i  =r ^  C  P,  for  flie  lines  parxdld  C  Pj  or 

1  — m» 

C  P2,  and  half  that  quantity  for  those  paraHcl  C  P^  . 

Join  Pi  0,,  b^  4^1,  &o.,  Fig.  \\^,  for  the  positive  ttowttf-four-faeed  trapeeohsdrm^  and 
Pj  ^j4  *is  <?!  *j3»  &-•>  Fig.  120,  for  the  nsgtitive  iwewHf  "fs'tr-faeed 4r»pesoli9dix>n, 

.Aa^. — The  euhical  axes  join  the  opposite  foui-feced  solid  angles  Pj  P^  &c.,  V^^aSi 


IftUXnJL&B  T«ri£NTTra?OUa-FAGED  TItAP£aOHK»ftOKi  343 


the  octahedral  the  opposite  six-faced  solid  angles,  and  are  equal  to  the  axes  of  the 
six-fjEiced  octahedron,  from' which  the  f6nn  is  deriYcd. 

Inclination  sf  the  Adjacent  Faces. — If  0  he  the  angle  of  inclination  of  two  adiacent 
angles  over  the  Aoxter  edge  P  *„ 

1  —        -1-  »2 
cos.  e  —  T    ,    X     ,    1 

<p  the  angle  of  indination  of  two  adjacent  faces  oyer  the  longer  edge  Pj  ^i^, 

And  if  4^  he  the  angle  of  inclination  of  two  adjacent  faces  over  edge  0  ^, 

1  4. 14.   1 
m     *^  n*^  mn 
COS.   ^   =    1     .      1       .    i 

Limits  of  the  Form  of  the  Irregular  Twenty-four-faccd  Trapesohedron. — As  m  and  n 
approach  in  macmitude  to  unity,  the  irregular  twenty-four-faced  trapezohedron  approxi- 
mates to  the  octahedron  ;  and  when  m  and  n  hoth  equal  unity,  it  hecomes  the  octahedron. 
In  this  case  the  planes  constituting  the  three-faced  solid  angle  all  lie  in  the  same  plane, 
aad  the  edges,  such  as  P  &  and  b  P,  are  in  the  same  line. 

As  m  and'fibolii  increase  in  magnitude,  and  finally  heeome  infinitely  great,  this 
fbrm  approximates  to  and  becomes  the  cube.  In  this  case,  the  four  planes  forming  the 
four-faced  solid  angles  at  the  extremity  of  the  cubic  axes  lie  in  the  same  plane,  and  the 
edges  0  b  and  d  0  in  the  same  line. 

Ajb  mtq^roaches  to  unity  while  n  increases  in  magnitude,  and  becomes  finally 
infinitely  great,  the  form  approadhes  that  of  the  rhojnbie  dodecahedron  ;  in  this  case  two 
planes,  on  each  side  one  of  the  longer  edges  P  3,  approach  to  and  finally  become  in  one 
plane,  while  the  shortest  edge,  b  P,  becomes  shorter  and  shorter,  and  finally  vanishes. 
When  m  equals  unity,  while  n  remains  finite,  the  form  becomes  the  three-faced  octa- 
hedron, and  the  trapezoidal  faces  change  from  trapeziums  to  isosceles  triangles.  When 
fli'and  n  equal  each  other,  are  both  finite  and  greater  than  unity,  the  irregular  twenty- 
fowr-faced  trapezohedron  becomes  the  regular  twentyfmtr-faced  tfapesohedron,  and  the 
irregular  trapeziums  regular  ones. 

"When  m  remains  finite,  and  is  greater  than  unity,  and  n  becomes  infinite,  the  form 
becomes  that  of  the  pentagonal  dodecahedtrm,  and  the  planes  on  each  side  the  longer  edge 
P  i  lie  in  the  same  place. 

From  what  has  been  said  of  the  limits  of  the  above  form,  it  appears  that  each  of  the 
holohedral. forms  of  the  cubical  system,  with  the  exception  of  the  four-faced  cube  and 
six-faced  octahedron,  which  have  their  own  hemihedral  forms  with  parallel  faces,  may 
be  regarded  as  limiting  forms  of  the  hemihedzel  forms  with  parallel  faces. 

As  yet,  the  two  hemihcdi*al  forms  with  parallel  faces  have  only  been  observed  in 
nature  combined  with  one  another  and.  those  of  the  holohedral  forms,  with  the  exception 
of  the  six-faced  octahedron  and  four-faced  cube,  but  never  with  any  of  the  hemihedral 
forms  with  inclined  faces. 

To  describe  a  Net  for  the  Irregular  Twenty -four  faced  Trapozohedron. — ^Describe  the 
same  figure  (Fig.  123)  as  directed  page  313,  Fig.  52,  with  the  exception  of  the  lines 
GE,PiR,  RPjandOiRs.  :  \ 
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TakeCN  =  i— l-CPiaiidP,R  =  CN.    JoinNR. 

1    —   i 

Also  take  Pj  K  =  T^ir  Pi  B^  and  C  L  =  P^  K.    Join  K  L,  cutting^T^  K  in  b. 

mn 

Join  P^  b.    "Lest  M  be  the  point  where  £  Oj  produced  cuts  C  B^. 

Join  L  M.    Take  L  S  in  Pj  B^  =  L  M. 

Through  S  draw  S  T  parallel  A^  B5  meeting  E  M  in  T,  and  join  T  b. 


Fig.  123.  Fig.  124.  Fig.  125. 

Then  (Fig.  124)  draw  P  0  =  Pi  0^  (Fig.  123).  On  it  describe  a  triangle  P  b  0, 
having  the  side  P  *  =  Pj  *  (Fig.  123),  and  *  0  =  T  *  (Fig.  123). 

On  the  other  side  of  P  0  describe  the  triangle  P  C  0  having  the  side  P  C  =  i  Pj 
(Fig.  123),  and  0  C  =  *  T  (Fig.  123). 

P  6  0  C  wiU  be  the  face  of  the  irregular  twenty-four  faced  trapezohedron,  and  twenty- 
four  such  faces,  arranged  as  in  Fig.  125,  wiU  form  the  required  net. 

Ibrnts  of  the  Irregular  Tucniy-four  faced  Trapezohedron  which  occur  in  Nature." 

The  form  f^^*! ,   P-§-^1  ^^  ^aumann,  and  ir  5,  4,  3  of  Miller  has 

e  =  111''  6'         <p=  129°  48'         yj^  =  160°  3' 
Normals,  whose  faces  are  inclined  at  e,  <^,  and  >/^,  68°  54' ;  50°  12*  and  19°  57'. 
Faces  parallel  to  this  form  occur  in  crystals  of  Pyrite. 

The  foi-m  [^^^^^1,   [-^-^l  °^  ^"aumann,  and  ir  4,  3,  2  of  Miller,  has 

e=112°17'       «^=136°J24'       and  >|/ =  153°  43'. 
Inclination  of  normals  67°  17',  43°  36',  and  26°  17'. 
Faces  parallel  to  this  form  occur  in  linneite. 

The  form  P'  ^  ^1,   f-^^^l   of  Naumann,  andir.  4,  3,  2  of  Miller,  has 

e  =  112°47-        <^  =  138°45'        and  i^  =  151°  28'. 
Inclination  of  normals  67**  13',  41»  15',  and  28°  32', 
Faces  parallel  to  this  form  occur  in  Linneite. 

The  form  [^^-1^1 ,   f^-^l  ^^  Naumann,  and  ir  3,  2, 1  of  Miller,  has 

0=119°  4'        <^=149'00'        and  4.  =  141°  47' 
Inclination  of  normals  64°  37',  31°  00',  and  38°  13'. 
Faces  paiallel  to  this  form  occur  in  Cobaltine,  Hauerite,  and  Pyrite. 
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The  form  [—^1,   [^^1  ©^  Naumann,  and  ir,  6,  3,  1  of  MiUer,  has 

e  =  119°  4'        *  =  160'  32'        and  «|^  ==  131°  Sjj 
Inclination  of  normals  60"  66',  19°  28',  and  48°  56'. 
Faces  parallel  to  this  form  occur  in  Pyrite. 

The  form       *    *     [,   T — ^  |  of  Naiimann,  and  ir,  4,  2,  1  of  Miller,  has 

0  =  128°  15'        <f>  =  164°  47'        and  >|/  131°  49'. 

Inclination  of  normals  51°  45',  25°  13',  and  48°  11'. 

Faces  parallel  to  this  form  occur  in  Pyrite. 

Combination  of  the  Cube  and  Tetxahedzon.  —  When  the  faces  of  the 
euhe  P  P,  &c.  (Fig.  126),  predominate,  the  alternate  solid  angles  of  the  cube  are 
replaced  by  four   tiiangular  planes,   0  0,  &c.,  which  are  parallel  to  those  of  the 

P 


^ 

7  ">  ^ 

p 

-7 

/          \o 

p 

^ 

Fig.  126.  Fig.  127. 

inscribed  tetrahedron.  When  the  faces  0  0,  &c.  (Fig.  127),  of  the  tetrahedron  pre- 
dominate, each  solid  edge  of  the  tetrahedron  is  replaced  or  truncated  by  a  plane  of 
the  cube  P^  P,  &c. 

Combination  of  Cube  and  TweWe-faced  Txapezohedzon.— When  the 

faces  of  the  cube  P  P,  &c.  (Fig.  128),  predominate,  the  alternate  solid  angles  of  the 
cube  are  replaced  by  an  obtuse  three-faced  solid  angle  bbboi  the  trapezohedron,  pre- 


Fig.  128.  Fig.  129. 

aenting  three  trapeziums  for  each  solid  angle  replaced.    When,  the  &,(^ci&  ^1^<&  Htk^^- 


un 


HXKnriDBAL  OOlCBIlfATlDKS  WimOIIBB. 


faced  irapezohedron  bhb  (Fig.  129)  predominate,  oaoh  foiir-£fwed  solid  angle,  of  the 
trapezodcdron  is  replaced  by  a  rhomboidal  plane  of  the  cubeP  P,  &c. 

Combination  of  Cub*  and  Tbiee<-£Med  TettaHrfJTii .— AVlien  the  fiices 
of  the  etibe  V  P,  &c.  (Fig.  130),. predominate,  the  alternate  solid  angles  o£.the  oobt  are 


Fig.  130. 


Fig.  131. 


replaced  by  a  three-faced  solid  angle  of  the  three-faced  tetrahedron,  presenting  three 
triangular  planes  a  a  a  for  each  solid  angle  replaced. 

When  the  faces  of  the  three-faced  tetrahedron  aa  a  predominate  (Fig.  131),  the 
six  longer  edges  of  the  three-faced  tetrahedron  are  replaced  by  a  plane  of  the  cube  P  P  P. 

Combination  of  Cnbe'and  Six-faced  Tetzaliedron. — When  the  faces  of 
the  cube  P  P,  &c.  (Fig.  132),  predominate,  the  alternate  solid  angles  of  the  cube  aie 
each  replaced  by  a  six-fu^ed  solid  angle  e  e  e,  &c.,  of  the  six-faced  tetrahedron,  con- 
sequently each  alternate  solid  angle  of  the  cube  is  replaced  by  six  tria&gular  planes. 


Fig.  132. 


Fig.  133. 


When  the  faces  of  the  six-faced  tetrahedron  c  c  c  (Fig.  133)  predominate,  each  four- 
faced  solid  angle  of  the  the  three-faced  tetrahedron  is  replaced  by  a  rhombic  plane 
PP,  &c.,  ofthccube. 

In  the  preceding  combinations,  it  will  be  seen  by  comparing  Figures  126,  128,  130, 
and  132  with  55,  60,  62,  and  66,  that  half  the  solid  angles  of  the  cube  arereplacedl^ 
the  same  planes,  when  combined  with  the  hemihedral  forms  with  inclined  fiices ;  ibaA 
ttifMn  wbea  eomfai&ed  with  their  onnospoDding  bolohedralftxEma. 
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(Fig.  134)»  l^-fbnr  three-&cod  solid 
anglea  of  the  podtiYe  Utrtikedrtm  0  «,  &e.,  nniioseiiBK^s 
predonoDate,  ive  zeplaoed  by  triangvlAr  planes  if  0',  &c., 
of  the  ncgatiye  tetrahedron.  The  four  faces  of  the 
predominating  tetrahedron  0  0,  &e.,  arc  irregular  hexa- 
gons. As  the  faces  </  o\  &c.,  become  larger,  three 
edges  of  the  hexahedron  diminish ;  and  when  0'  o\  &c., 
becomes  so  great  that  these  edges  disappear,  the  com- 
bination resolves  itself  into  the  regular  octahedron. 

This  combination  occurs  in  crystals  of  Blende  (sul- 
phuret  of  zinc),  Boracite,  Helyin,  and  Tennantite. 

Fig.  184. 

Combinationof  tke  Tetzahedron  and&liom- 
bic  Dodecahedron.— In  this  combination  (Fig.  135), 
the  three-faced  solid  angles  of  the  tetrahedron  are  each 
replaced  by  a  three-faced  solid  angle  of  the  rhombic 
dodecahedron  ;  so  that  we  have  each  solid  angle  of  the 
tetrahedron  replaced  by  three  triangular  faces  r  r  r,  of 
the  rhombic  dodecahedron,  each  triangular  face  being 
an  isosceles  triangle.  "When  the  faces  of  the  rhombic 
dodecahedron  predominate,  half  its  three-faced  solid 
angles  are  replaced  by  triangular  planes  of  the  tetra- 
hedro%  like  those  represented  in  Fig.  69. 


COMUnaltaiiof  the  Tetaahedvon  andTvioelTe-laeeAneaFeBohedsoBi:- 

WboL  the  £Etoc6  of  the  Hoehm-fmed.  trapewheiron.b  b  by  &c  (Figs.  136  and  137),  pre^ 
dominate,  the  obtuse  three-faced  solid  angles  of  the  positive  twelve-faced  trapezohedron 
are  replaeed  by  triangular  planes  0  0,  &c.,  of  ike  positive  tetrahedron  (Fig.  136),  and  its 


Fig.  136.  K»- 157. 

MrttfttseerffiMMBd  nlid  angles  by -tnaogulair  planes  o  0,  &o.  (Fig.  137)9  of  the^Mywrfine 


\ 


.'Vffi 


coflmiCATiom  WITH 


Whm  thfi  fw^fin  rrf  thtt  p^tire  f^trakmbmm  o  o^  te.  (Kj^  138  asL  IS8),  pntesr 

t}Yr^-fi*^M  ^1i<l  rms^  ^44.  jep.,  of  the  pmUitie  ttnlm/metd  rrnpKuit^^u.  {¥5k.  188^ 
ifTKf  hy  \hn  ohf.nM^  thrf-e^fiieed  .mlid  angies  ^  6  ^  <fo..  (if  tbe  /iijw<in  twtimfatmi  trwj^ 


Fi|f.  IM, 


Eff.  139. 


tfi  ^'i^M.  \%(i  And  137,  the  /af^s  of  the  teteahcdron  o  0,  &(l,  aze  eqpilatail 
^1^^  ;  \hmi>  ttt  fht^  trnpexohrd rrm  ^  5,  ^.,  irregular  pentagons.  LtFigs.  138  and  139, 
the  tnopn  (if  tlio  iHtnhHlTdn  n  n,  kc,f  are  irregnlar  hexagons,  and  thooe  of  tibe  tra^pezohc- 
^r^m  A  hf  Uto.,  Utm'tAfm  triangles. 

Oom%lii«tloii  of  tlM  T«tvah«dvoii  and  Tlixee-fiic€4  TrtiB¥iii«n 
When  tYi«>  fflc«»a  of  the  p(niUiv$  ihreM-faetd  tetrahedron  aaa,  kc.  (Figs.  140  and  141], 
pri'doniitiflto,  the  three-  fA<ed  nolld  angles  of  the  three^faeed  tetruhfihvm  aro  replaced  Vr 


Fig.  141. 


^r-  ^<^- 


^s  ^•^\^lr^>H^  ^UY>t>(k  y»  a  ^v.  yVx^-.  \  4^^  y^  <We  |MMMnr  HiUMhrn^  and  iia  mxrhced  aoU 
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When  the  fiuses  of  the  po$itive  oetahtdron  o  o,  &c.  (Figs.  142  and  143),  predomi- 
nate, its  solid  edges  are  each  replaced  by  two  planes  of  the  positive  three-faced  ietro' 
htdi-oHt  as  a  0,  &c.  (Fig.  142),  and  its  three-faced  solid  angles  by  three  trapezoidal 


Fig.  142. 


Fig.  143. 


pianos  a  a,  &c.  (Fig.  143),  forming  the  throe -faced  solid  angles  of  the  negative  three- 
faced  tetrahedron, 

Gombination  of  the  Tetnliedron  and  Six-faced  Tetnliedron.— When 

the  feces  of  the  aix-faeed  tetrahedron  e  e  e,  &c.  (Figs.  144  and  145),  predominate,  the 
obtuse  six-faced  solid  angles  of  the  six-facid  ttrahedron  arc  each  replaced  by  an  irrc- 


Fig.  144. 


gular  hexagonal  plane  o  o,  &c.  (Fig.  144),  of  the  positive  tetrahedron  ;  while  its  acute 
six-faced  solid  angles  are  each  replaced  by  an  irregular  hexagonal  plane  o  o,  (Fig.  145), 
of  the  negative  tetrahedron. 

When  the  faces  of  the  tetrahedron  predominate,  each  three-faced  solid  angle  of  the 
tetrahedron  is  replaced  by  six  planes  constituting  the  acute  six-faced  solid  angle  of  the 
I  peeitwe  six-faced  tetrahedron^  or  by  six  planes  constituting  the  ohtme  six-faced  solid 
angle  of  the  negative  six-faced  tetrahedron. 
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olMdxcnu— When  tiie  iaoes  of  the  tttebfe-factd 
irapesohechron  bb,  &c.  (Fig.  146),  predominBte,  l^e 
acute  three-faced  solid  angles  of  the  three-faced 
trapezohedron  are  each  replaced  by  three  planes  of 
the  rhombic  dodecahedron  r  r,  &c.,  which  form 
one  of  its  three-faced  solid  angles.  When  the 
faces  of  the  rhombic  dodecahedron  predominate, 
the  alternate  three-faced  solid  angles  of  the 
rhombic  dodecahedron  are  replaced  by  the  obtuse 
three-faced  solid  angles  of  the  twelve-faced  tra- 
pezohedron. 


Fig.  146. 


Combisatton  of  Rhombic  Dodecahedron  and  Thsee-fftced  Teti 
dzon. — Figures  147  and  148  show  the  combinations  of  the  rhombie  dodecahedroi 


Fig.  147. 


Fig.  148. 


122 
the   three-faced  tetrahedron,  whose  symbol  is — ^  ;  and  Fig.  149  its  combination 

the   three-faced  tetrahedron  whose    symbol  i 

In  Fig.  147,  where  the  faces  r  r,  &c.,  of  the  r 

dodecahedron  predominate,  the  edges  of  the 

three-faced  solid  angles  of  the  rhombic  dodecah 

opposite  the  three-faced  solid  angles  of  the 

faced  tetrahedron  are  replaced  by  planes  a  a 

latter.    In  Fig.  148  the  six-faced  solid  an^^es 

three-faced  tetrahedron  are  each  repleu;ed  by  a~ 

faced  solid  angle  of  the  rhombic  dodecahedron 

Fig.  149  each  four-feced  solid  angle  of  Ae  r, 

dodecahedron  is  replaced  by  two  pUmes,  a  a,  i 

three-faced  tetrahedron. 
Fig.  149. 


OMBtViffMQfS  or  WnOBWMULL  VOBMS  mXH:  PABMXIL'  TAttEM,     961 

^-f^s.  IdO  and  151  lepresent  the  combioatiaiis  of  the  rhomUe  dodeeakecbvn  mtii  llie 

1  #  3 
tiX'faeed  tetrahedron  whose  symhol  is  — ^—,  the  faces  marked  r  being  those  of  the 

rhomhte  dodeeahehrony  and  those  marked  e  the  faces  of  the  six  faced  tetrahedron.     In 
Fig.  150  the  three-fEUsed  solid  angles  of  the  rhornbic  dodecahedron,  opposite  to  the 


Fig.  150. 

obtiise  six-faced  solid  angles  of  the  six-£Eiced  tetrahedron,  haye  their  edges  replaced  by 
two  planes  of  J  the  six-faced  tetrahedron.  In  Fig.  151  where  the  faces  of  the  six-faced 
tetrahedron  predominate,  the  acute  six-faced  solid  angles  of  that  form  are  each  replaced 
by  a  three-faced  solid  angle  of  the  rhombic  dodecahedron. 

Combination  of  Cube  with  the  Pentagonal  3>odecahedron.— When  the 
&ce9  of  the  cube  (P  P,  &c.,)  predominate  (Fig.  152),  the  edges  of  the  cube  are  each 
replaced  by  a  plane  c  c,  &c.,  of  the  pentagonal  dodecahedron.    This  combination  is 


Fig.  152. 


Fig.  153. 


distingoishcd  from  that  of  the  rhombic  dodecahedron  with  the  cube  by  the  inclination 
ofPonCy  not  being  135°.  When  the  faces  of  ike  pentoff&nal  dodeoah&drony  e  Cj  pre- 
donniate  (Fig.  153),  the  edges  of  that  form  through  which  the  culnoal  exes  pass,  are 
replaced  by  rectangular  planes  P  P,  &c.,  of  the  cube. 
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Coml^lnittion  of  the  Gmbe  witb  €&«  HemllMdv&l  fnim  of  tba  8ix-&Atd 
QetaJiediroii  with  pazmllel  £ftc»B.^ — WIigh  the  fiicea  of  the  ^ft$£  P  F,  &c.  {Fig.  1^4), 
predominate^  the  solid  angioma  of  the  c\ibe  are  oach  i^eplaecd  bj  %  thrc^e-facefd  solid  aiigle, 


Fig,  Ij4. 


FLff.  1^3. 


ff  ee,  of  the  trapezahedron.  When  the  faces  e«  p,  &c,,  of  the  tr&ps^^hcdton  (Fig,  lo5) 
predominate^  ihe  four-faced  solid  angles  of  that  tbrra  wHch  terminato  the  mihicd  aies 
are  each  replaced  by  a  plane  P  of  the  cuhe. 

CoiaViiiatloii  of  the  Octahedron  and  FentagonalBodecahediroii. — ^?h^ 
the  faces  of  the  uafakedron  o  o,  &c.  (Fig,  166)  predominate,  eaeh  four-faced  soUd  ang'lft 
of  that  fonn  is  replaced  hj  two  planc&j  u  e,  of  the  pciitaffufiffl  doffectth^ron.  When  the 
faces  of  the  pent^tmut  dodeeuhedron^  u^,  kt:.  (Fig.  1&&),  predotninate,  each  of  its 
three-faced  solid  angles  whicrh  lie  in  the  octahedral  axes  is  replaced  hj  a  tHangiikr 
phme,  Q  &,  of  the  octahedron.    When  the  faces  of  the  octahedron  o  c*,  &e,  (Fig*  157)^  m 


F%.  IW. 


Fig.  157. 


f;ir  prcTaH  that  Oieir  angular  pointi  touch  eaeh  other,  tho  combiantion  pi^^nts  tlie 
fjnn  shown  in  Fig.  157 ^  hoimdad  bj  dght  eq^inlatemi  trkngliDft,  o  o,  &c.,  enil  tirdTe 
isc^eelcs  tiiangl«s,  e  r,  &c* 
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Platonic  Bodies.— If  the  pentagonal  dodecahedron  be  bounded  by  twelve  regular 
pentagons, — ^that  is,  pentagons  whose  sides  and  angles  are  all  equal, — it  is  called  the 
regular  pentagonal  dodecahedron.  In  this  case 
the  isosceles  triangles,  c  <?,  &c.  (Fig  157), 
are  equilateral  triangles ;  and  the  combination 
of  the  regular  pentagonal  dodecahedron  with 
the  octahedron  is  a  regular  solid,  bounded  by- 
twenty  similar  and  equal  equilateral  triangles, 
and  is  called  the  icosahedron. 

The  tetahedron,  cube,  octahedron,  regular 
pentagonal  dodecahedron,  and  the  icosahedron, 
are  the  only  regular  solids  which  can  be 
formed;  a  regular  solid  being  one  that  is 
bounded  by  equal  and  similar  regular  recti- 
lineal figures.  These  five  solids  are  called  the 
platonic  bodies.  The  regular  pentagonal  do- 
decahedron and  the  icosahedron  have  not  been 
observed  among  crystals. 

"The  ancient  geometricians  made  a  great  many  geometrical  speculations  re- 
specting these  bodies;  and  they  form  almost  the  whole  subject  of  the  last  books 
of  Euclid's  Elements.  They  were  suggested  to  the  ancients  by  their  believing 
that  these  bodies  were  endowed  with  mysterious  properties,  on  which  tlie  explana- 
tion of  the  most  secret  phenomena  of  nature  depended." — Ozanam's  Mathematical 
Seereaiions. 

Combination  of  the  Octahedron  with  the  Hemihedral  fonn  of  the  Six- 
&ced  Octahedron  with  parallel  fitces.— When  the  faces  o  o,  &c.,  of  the  ootaliedron 
(Fig.  159)  predominate,  its  solid  angles  are  each  replaced  by  four  planes,  eeee^  of  the 


Fig.  158. 


Fig.  ICO. 


tnq^zodedron.  When  the  faces  of  the  irapeozedron  e  e,  &c.  (Fig.  160),  predominate, 
ca<^  of  its  three-faced  solid  angles  is  replaced  by  a  triangular  plane,  o,  of  the 
octahedron. 
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G  omb wation  oi  the  BlmaAliie  Dodecaliedzoii  witlk  l^e  VenfcftgomaLl 
Bo^ecmhedtoia.— W]i€n  Ifhe  £»ees  r  r,  ftic^  of  the  r/mmUc  dsdewhedrmi  (F%.  1^1) 


1  iff.  ifiJ* 


m^.  I6i. 


predomlnsttG,  its  four-foced  solid  anglt^s  are  Qodk  replaced  hj  two  pljmes,  <:  c,  of  the 

pentagonal  dodecahedron.    When  the  focDS  of  the  pentagtuiiil  dodecabedrotij  ce^  fie. 

(Fig,  182),  pttdominate,  iU  foitr-faccd  solid  anglos 

aro  each  replaced  hy  a  tiiangulEir  plane,  rr^  &c,, 

of  the  rhombic  dodecahedion. 

CoBibination  of  the  Rbombic  Bodeca.- 

liedxon  witli  the  Hesiihedxal  foEm  of  the 

Six -faced  OctahedTOix  witli  pajrallel  faces* — 

In  this   combination,  the   four-fa ctd  solid  angles 

of   the   trapczohcdron,    e  e    (Fi??-    1^3) ,    are   each 

replaced    hy   a  plancj    r  >■,    ^tc-,    of   the   rhomhie 

dodecahedron . 

Complex  Combination  of  Eemlliedial 

Foims-^A  crystal  of  Fahlerz,  or  grey  copper  ore, 

13  represented  in  Tip  16 1  a^  an  instance  of  a  com- 
plex comHnation  of  the  hemihedral  forms.      The 

faees  marked  F  are  those  of  the  tetuhcfhon  ;  /  thoae 

of   the    ciih;   I    aro    the 

ihree-faee^  tetrahedtan  ;  and  r  those  of  the  ttege^ 
tke  three-faced  (e^rshedf^Hj  irhieh  are  both  deriTod 
from  the  twenty- four-fuci^d  tnipczohedroij,  Trhose 
symbol  ia  12  2.  o  arc  faces  of  the  rhoff^ii 
dodecahedron  ;    n  those    of   the   tit?df?e-fae6d  trap' 


Fl^.  103. 
faces   of    the   poiiiire 


cvhedi-on. 


Fig.  161, 


1   1   # 
^   whoso    symbol    is    — ^     ;   laaOy,  tbosc 

markM  s  are  the  twenty-foiir  faces  of  the  sevtuth 
form  which  enters  into  thia  combination^  and  is  ^ 
fotit-faced  [cube  whose  symbol  is  1  3  so ,  Thk  cvor 
bination  iias  seventy  different  faces. 


HAUY's  TBQKMIY  fiO?  PRIMTCn^C  »OLEC\jLES. 
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Wnlfiovkiit    Uitder  the  liead  of  cleavage,  we  have  seen  that  crystals  of  many 

substenee*  split  in  idiiiBctuniB  parallel  to  certain  crystalline  forms ;  thus  Galena  splits 

lato  retftnafflihr  AagnieinfeB  jitirallel  to  the  sides  of  a  cube ;  FJboor  spar,  into  octahedral  or 

tetndiftdral  partioles  parallel  to  the  planes  of  the  regular  oetahedron ;   and  Blende 

(nU^turet  of  zinc)^  in  partiolcs  parallel  to  the  faces  ^A/r>hmhbie  dodecahedron.     To  this 

plaaRrage  tiure  appeals  no  limit  hut  the  practical  dfflhealty  etf  sgiiljhig  an  instrument 

[  to  the  minnte  particles  soiis  to  split  them.     3ia4^.oaMtef  ddcdte  (oorhonata  of  Tame), 

whiek  'ddavos  in  obtuse  i^iamboids,  it  is  fousiUfliflHkietfiMBst  dnstlz)  ^vMoh  this'Siibstanoe 

can  be  reduced  presents,  under  a  powwtfii.  loinmoqpB,  jxf&uaig  Imt  perfect  though 

minute  rhomboids.  f!rom  these  circumntiMWHW  Tfwiiy  deduced  the  dieaayiihat  the  TMamaAie 

Bolecules,  or  particles  of  matter  of  Qiiiijiity.^wBiBB  niMwite  cnbea;  ihoma£  Fluor  spar, 

TOgnlar  tetrahedrons ;  ocf  Blende,  irregviv  MnifaeicoB*,  having  their  &oes  paa?alkl  to 

thtree^limes  of  liie  rhombic  dodccahecbsB,;  ■Ml^genBSkQjr-,  tkKt  aSL  ooystals  were  oom- 

|KiBdd-Qf  moleoales  whose  forms  mighltibeiABtea«Bd/ftwn  tbssr  dloavi^ge,  or  inferred 

by  snalogy  :&x)m  their  crystaliine  forms  idKm  Utt  'dbmwbgB  oiold  not  be  discoreiwd. 

These  Jiypothetical  solids  Haiiy  calls  thdjviwittm  «3iaB  of  1flie  sribstaawes  from  'winoh 

lihey  are  deduced.     Taking  this  primitive  sifM'Ibii  IBIm  pmmmyiSKm,  ho  -dedaoes  all  llie 

fftber  crystaUme  ^orms  in  which  the  substnuetannBifinm  lfc,aDemfiag^  to  certain  laws 

of  decrement— i^&t  is,  supposing  his  primary  !finnL'<te'be'<rflHpMMl-af  a  hn^ge  nmnJber  of 

aanute  pritnUwe  selidej  arranged  together  in  a  mass  of  the  simmiEmam.aB  Ibemselyes,  he 

ooEraceivas  the  secondary  forms  to  be  derived  from  the  primary  one,  by  abstracting 

oeriain  groups  of  ihme  primitive  solids,  in  regular  order,  from  its  solid  angles  and 

edges. 

Wmrm  of  3lec«evi«nt»« — Galena  occurs  in  the  forms  both  of  the  octahedron  and 
rhombic  dodecahedron  as  well  as  the  cube.  Haiiy  supposes  these  forms  to  be  built  up 
entirely  of  minute  cubical  particles,  and  formed  from  the  cube  by  abstracting  rows  of 
cubical  particles  according  to  certain  laws. 

Pecrements  on  Sdges< — Rhomhic  Dodecahedron. — If  a  single  row  of  cubical 
particles  be  removed  from  the  edge  of  the  large  cubical  mass,  then  two  rows  adjacent 
to  the  one  removed,  then  three  more  rows  adjacent  to  these,  and  so  on,  as  in  Fig.  165. 
If  we  conceive  these  cubical  particles  to  be  so  small  tjhat  the  edges  formed  by  their 
removal  could  not  be  perceived,  the  cubical  mass  would  present  the  appearance  of  its 
edge  being  cut  off  by  a  plane,  a  left.  Fig.  165,  or  r^.  Fig.  166.      Let  the  process  be 


Fig.  165. 
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Fig.  167. 


repeated  on  every  edge  of  the  cube,  as  in  Fig.  166,  and  carried  still  further  by  the 
removal  of  more  rows  of  cubical  particles,  as  in  Fig.  167,  at  length  the  form  of  the 
rhombic  dodecahedron  will  appear. 
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HOLECULA&  DECREMENTS. 


Instead  of  producing  the  rhombic  dodecahedron  from^tho  cube  by  decrements  of  the 

cubical  molecules,  we  mi^ 
suppose  it  built  upon  the  cube 
by  the  addition  of  layers  of 
these  molecules;  each  succes- 
sive layer  being  one  row  less, 
all  the  way  round,  than  its 
preceding  one,  as  shown  in 
Fig.  168. 

Marking  the  edges  of  llie 
cube  by  the  letters  B,  as  in 
Fig.  18,  the  law  of  decrement 
for  the  formation  of  the  rhom- 
bic  dodecahedron  is  represented 
by  the  symbol  B^,  the  1  abore 
the  B  indicating  the  abstrac- 
tion of  single  rows  of  cubical 
molecules  parallel  to  the  edges 
of  the  cube. 

Four -faced  Cube,  —  If  we  ; 
remove  particles  iiom  the  , 
edge  consisting  of  rows  two  in 

height  and  one  in  breadth,  as  in  Fig.  169,  the  edge  of  the  cube  will  be  replaced  by  a  ! 

plane,  ahcd^  corresponding  to  the  plane  Cj,  Fig.  170.    Considering  Pg  as  the  upper 


Pig.  168. 


Fig.  169. 


Fig.  170. 


Fig.  171. 


surface  of  the  cube,  similar  rows  of  particles  might  be  abstracted  parallel  to  the  edge 
between  Po  and  P^,  producing  the  plane  c^,  Eei>oating  the  process  for  every  edge  of 
the  cube,  we  should  have  the  form  Fig.  170  ;  and,  abstracting  equally  more  rows  accord- 
ing to  the  above  law,  parallel  to  every  edge.  Fig.  65,  we  should  ultimately  form  the 
four-faced  cube. 

The  symbol  for  this  decrement  is  B? ;  the  figure  \  indicating  that  rows  of  molecules, 
one  in  breadth  and  two  in  height,  arc  abstracted  symmetrically  in  every  possible  manner 
from  every  edge  of  the  cube. 

m 

B'*  would  indicate  a  law  of  decrement  by  rows  of  particles  m  in  breadth  and  %  in 
height 


MOLECUtAE   DECEEMEXTs'?, 
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Fig*  172  represents  the  decrcmpnU  whicii  ptoduco  tbc  p^ntifg&mi  dodemhiroity 
wMcii  i^  the  lieraihcdral  farm  of 
tho  four-fac^d  cuW^  whose  sjm- 
bd,  accarding  to  Haiiy'a  nota- 
tiffln,  is  B'i.  It  is  formed  hj 
decrements  of  rows  alonpf  the 
edgea  of  the  cubu  two  in  height, 

Deeremenis  on  the  miffhs  of  th^ 
primary  farm. — If  a  amglo  cuhi- 
cal  molecule  bo  removE^  from  one 
of  tho  fiolid  onglea  of  tho  cuhe, 
ihsn  the  row  of  cubicid  mole- 
cules which  touched  the  ones  re- 
raovtMl,  then  the  nc?jct  row  whicli 
tanohcd  these,  and  eo  on^  the 
Kflid  angle  of  the  cuho  would 
be  repkced   by  a  ainglo   plane, 

TMs  kw  of  d&ctPiriBnt  gives 
rise  to  the  eight  plancsj  Oj  e^,  &c.j 
&n  Fig3,  55j  56,  o7|  produeing  the  octahedi'OTi.  The  aolid  Biigles  of  the  cnho  being 
imiieatcd  bj  the  letter  A,  as  in  Fig.  14.  Tl\o  symbol 
for  this  decrement  is  A^,  the  decrements  from  the  iiolid 
angle  being  one  in  hroadth  and  ono  in  h  eight. 

If  the  dcercmenta  from  the  solid  angle  consist  of  rows 
of  groups  of  particlea  m  in  hreadtli  and  ft  in  height,  the 
in 

^»^  1"3.  Bymbol  wiU  he  A^ 

\VTieTi  n  is  greater  than  m^  or  the  height  of  each  group  greater  than  its  hrcadtbt  a 
triangular  plane  ti  h  e  (Pig.  lT4)j  wbleh  m  an  isoaelca  triangle,  having  its  sides  greater 
than  its  base,  replaced  the  solid  angle  of  tbo  cube  and  torresponda  to  the  plane  i/ 


Fig, 172. 


Ftf^  174. 


Hff,  liS. 


Fig.  ITfi. 


(Fig.  60).  Since  it  is  perfectly  arbitrary  on  which  face  we  suppose  the  cnbc  to  stand, 
by  altering  its  position  the  Fame  law  would  produce  two  similar  planes  b^  and  h.^^  ao 
that  the  solid  angle  wonld  bo  replaced  by  the  planes  6^  bn  and  h^.  Supposing  every 
solid  angle  replaced  by  ainiilor  planes,  this  law  of  decrement  gires  rise  (Figs.  60  and 
(j1)  to  the  ikr^e-faced  octahidron. 

When  n  is  less  than  m^  or  the  groups  are  IcBS  in  Beigbt  than  breadth,  the  eoM  anglo 
of  the  cube  is  TeplaLM>d  by  an  isosceles  triangle  b  S  t?  (Fig^  17S),  whose  base  is  greater 
than  its  sides^  corresponding  to  the  plane  a^  (Fig.  €2).    TM&  law  ef  decremont  Teplaoes 
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MOLBCULAR  DECRXHBKTt. 


6Y«ry  solid  angle  of  tke  cube  by  three  planes  (r^  a^  ag  (Fig.  %1),  produdug,  «•  shown  by 
Fig.  63,  the  ttcenly -four  faced  trapczohedron. 

If  the  rows  of  particles  removed  from  the  solid  angle  consist  of  groups^  sodi  >s  those 
represented  in  Fig.  176,  where  each  group  is  two  cubical  molccuIsB  in  breads,  thvee  in 

height,  and  fonr  in  length,  the  symbol  for  the  decrement  "will  be  B*,  B*  B*,  and  the 
triangular  plane  replacing  the  solid  angle  will  be  a  ncalcnc  triangle.  According  to  the 
laws  of  symmetry,  each  solid  angle  of  the  cube  may  bo  replaced  by  six  such  tiianglcs 
produfiing  tiEie  planes  e^  e^  &c.,  e^  (Fig.  66).  This  law  of  decrement  is  that  by  which 
ike  mxfoMd  e0ta/tedron  (Figs.  66  and  67)  is  derived  from  the  cube. 

Mr.  Brooke,  whose  msdiflcation»  of  Hauy's  decrements  we  have  given  above,  in  his 
treatises  on  Grystollography,  connders  all  substances  whose  crystals  occur  in  any  of  the 
forms  of  the  cubical  system,  as  doiivedfrom  the  cube  according  to  those  laws,  regarding 
the  cube  wilihoiit  refinccnco  to  their  cleavages  as  the  primitive  form  of  all. 

By  decrements- of  ootahodral  or  tetrahodral  particles  from  the  edges  and  angles  of 
the  octrahedron,  when  the  cleavage  of  a  substance  is  octahedral  and  of  irregular  tetra- 
hedi'ons  from  the  edges  and  angles  of  the  rhombic  dodecahedron  when  the  cleavage  is 
parallel  to  it,  Haiiy  deriipes  all  their  other  forms. 

When  a  cube  is  supposed  to  consist  of  cubical  molecules,  the  faces  of  thescmolocules 


F%.  178. 


Fiff.  179. 

touch  each  other  so  as  to  leave  no  interstices,  just  as  a  solid  wallis-bnilt  up  wdthbiiclB.  | 
If  an  octahedeon  be  componed  of  octahedral  molecules  (Fig.  177),  they  can  only  tmiA  I 
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each  other'gedgW)  LeaTing^tdtralndial  i^aoes..  Similarly  a  tetrahedron  (Fig.  179)  ODnsistiiig 
of  octahedral  moleoules  must  ha^e  tctrahedi-al  spaces  between  them.  An  octahedron 
(Fig.  178)  and  tetrahedron  (Fig.  180)  composed  of  totrahedral  moleoules  will  have 
octahedral  i^aces  left  between  the  molecules. 

Sphezical  and  Sphenoidal  SIZolecules.— Hooke  and  Wollaston  contend  that 
the  ultimate  molecules  of  substances  crystallizing  in  forms  of  the  cubical  system 
are  perfect  spheres.  Fig.  181  shows  the  arrangement  of  these  spheres  which  produces 
the  octahedron ;  Fig.  182,  the  tetrahedron ;  and  Fig.  183,  the  cube.     According  to  this 


Fig.  181. 


Fig.  182. 


Fig.  183, 


Fig.  184. 


theory,  the  sphere  may  be  substituted  for  the  cube  in  every  one  of  the  cubical  decre- 
ments we  have  described. 

They  derive  the  forms  of  the  other  systems  of  crystals  from  the  cpmbinations  of 
prolate  and  oblate  spheroids  (Fig.  184). 

Crystallographers  generally  have  now  abandoned  these  theories  of  the  forms  of  the 
ultimate  molecules  of  crystalline  substances,  on  account  of  the  numerous  difficulties 
which  a  more  extended  view  of  the  science  has  presented  to  their  reception.  They 
are  now  interesting  as  the  means  by  which  the  relations  of  the  faces  of  the  crystalline 
forms  to  their  axes  were  discovered,  and  we  have  given  the  outline  of  them,  because 
they  have  had  such  a  powerful  influence  on  the  nomenclature,  and  becomes  so  in- 
corporated, in  the  technical  language  of  Chemistry  and  Mineralogy. 


SECOND   SYSTEM— THE  PYRAMTDAX. 

This  system  is  called  the  pyramidal  or  tetragonal  if  its  forms  are  derived  from  the 
octahedron  on  a  square  basCy  or  double  four-faced  pyramid ;  the  square  prismatic,  or 
qttadratic,  if  derived  from  the  right  prism  on  a  square  base.  It  is  also  called  the  mono- 
dimttricaly  or  two  and  one  oarwi/'systtem,.  from  the  properties  of  its  axes. 

The  hahhedral  forms  of  this  system  are, —two  right  prisms  on  a  square  base,  two 
double  fbur'faeed  pyramids,  the  double  eight-faced  pyramid,  and  the  right  prism  on  an 
octagonal  base. 

Fhmv  eadi  of  tiiese,  with  the  exception  of  the  prisms  on  a  square  base,  hemiJiedral 
forma  are  produced  by  the  development  of  half  their  faces,  and  from  one  of  the  Ij^mi- 
hedral  forms  of  the  double  eight -fiiced pyramid,  by  the  development  of  half  its  faces,  a 
form  is  ijroduced  having  only  a  fourth  of  the  faces  of  the  original  form ;  this  is  called  a 
tetartohedral,  or  fourth-faced  form. 

The  hemihedral  forms  with  inclined  faces  are  the  sphenoid  or  tetrahedron,  the  eight- 
face^  trapezahedran,  and'tiie  sealenohedron. 

The  hemihedral  forms  with  parallel  fhces, — a  double  four-faced  pyramid;  and  a 
prism  on  a  square  base. 

The  tetartohedral  form  is  a  tetrahedron  or  sphenoid. 
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MINERALS  BELONGING  TO  THE  PYRAMIDAL    STSTEM. 


Atphabetieal  List  of  tJu  Minerals  belonging  to  the  Pgramidal  System^  together  «nVA  tht 
Angular  Elements  from  which  their  Typical  Form  and  Axes  mag  be  derived. 


Anatasc  (Pyramidal  Titanium) 

Apophyllitc 

Autunitc 

Braunitc 

Calomel 

Cassiterite 

Chiolito 

Edingtonitc 

Fanjasic 

Fergusonito 

Goblcnito      ....... 

Hausmannite  (Pyramidal  and  Manganese  Eartli) 
Idocrase  (Pyramidal  Garnet) 
Lanthanito  (Carbonate  of  Cerium) 

Matlockite 

Mellite 

Naggagite  (Black  Tellurium) 
Phosgcnite  (Murio-carbonate  of  Lead) 
Ptutilc  (Oxide  of  Titanium)  .... 

Sarcolite 

Scapolito 

Scbeclito 

Somervillito 

Stolzite  (Tungstato  of  Lead) 

Tin 

Torbcrite 

Towanite  (Pyramidal  Copper  Pyrites)   . 

Wulfenite  (Molybdate  of  Lead)  ^  . 

Zenotinc  (Pbosphate  of  Yttria) 

Zircon 


60= 

SS*. 

5r 

21'. 

sr 

25', 

54' 

19'. 

60^ 

9'. 

33" 

56\ 

47^ 

8'. 

43" 

39'. 

62" 

45'. 

dd'' 

40'. 

Unknown. 

58" 

57'. 

28" 

9'. 

Unknown. 

60" 

26'. 

36" 

44'. 

61" 

23'. 

47" 

20'. 

32" 

47'. 

41^ 

35'. 

23' 

45'. 

56= 

1'. 

32" 

51'. 

5r  27'. 

21" 

5'. 

51" 

25'. 

44" 

34'. 

57" 

33'. 

41" 

0'. 

32"  38'. 


The  Sqiuure  Prism. — ^The  square  prism,  also  called  the  tetragonal  prism  and 
the  right  prism  on  a  square  base,  is  a  solid  form  bounded  by 
six  faces,  four  of  which  are  rectangular  parallelograms,  sucb 
as  A|  A^  A,  Ac  (Fig.  185),  fanning  the  sides  of  the  prism,  and 
the  other  two — its  top  and  bottom — are  squares. 

By  some  writers,  the  four  faces  alone  which  are  parallelo- 
grams are  considered  the  faces  of  the  square  priem  ;  it  is  then 
called  an  open  form,  and  the  two  square  iac-cs  which  are 
required  to  enclose  it  are  considered  distinct  fonns,  under  the 
name  of  basml  pitteetyidi, 

Ajt9  pftle  Sfture  Prism  and  tie  Pgrvmidtl  Syetem^JjB^ 

Pi  and  Pj  be  the  centres  of  the  squares  Aj  A^  A,  A|,  and 

Aj  A«  A.  A«r  which  enclose  the  iqoare  prism ;  M^  M^  X,  and 

Jean  Pi  P^,  Mj  Mj,  Mj  M.  enttiiig  e«4 


^  -*:-  ^ — z::^ 

^ 

"^# 

• 

>»* 

\   i 

• 

f     i 

1  = 

^^  \^^ 

Re. 


M^  the  centres  of  the  four  lectangulir  &ces. 
;    other  in  C. 
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Tho  tlireo  linos,  M^  M3,  M^  M^,  and  Pj  P.^,  which  aro  at  right  angles  to  each  other, 
are  the  axes  of  the  square  prism,  and  also  of  the  pi/ramidal  system. 

Pajrameters.— The  base  of  the  square  prism,  and  consequently  the  length  of  tho 
equal  axes  C  Mj  and  C  Mj,  is  perfectly  arbitrary ;  the  height  of  C  Pi,  or  tho  height  of 
the  prism  when  a  length  has  been  [chosen  for  C  Mj  or  C.Mg, 
depends  upon  the  angular  element  already  given  for  each  mineral 
belonging  to  this  system.  This  angular  element  is  determined 
from  the  angular  measurement  of  some  pyramid  or  octahedron 
whose  faces  occur  most  frequently  among  the  crystals  of  any 
particular  substance. 

To  determine  C  P^,  draw  CM  and  C  P   (Fig.  186)   at  right 
angles  to  each  other ;  take  C  M  any  convenient  length,  as  the  arbitrary  unit  of  the 
system  of  axes. 

Through  C  draw  C  D,  making  an  angle  with  C  P  equal  to  tho  angular  unit  of  the 
substance  whoso  axes  are  to  be  represented. 

Thus,  for  Anatase  the  angle  PCD  will  be  60''  38' ;  for  Apophyllite,  51°  21' ;  for 
Calomel,  60°  9' ;  and  so  on  for  other  substances  belonging  to  the  pyramidal  system. 

From  M  let  fall  M  E  perpendicular  to  C  D,  and  produce  M  E  to  meet  the  line  C  P 
in  the  point  P. 

The  distances  C  M,,  C  Mg,  and  C  P,,  Fig.  185,  of  the  points  M^  Mj  and  Pi  from  C 
thus  determined,  are  called  the  parameters  of  the  pyramidal  system. 

It  appears,  therefore,  that  the  axes  of  the  pyramidal  system  are  rectangular y  and  two 
of  its  parameters  are  equal. 

The  edges  of  the  basal  pinacoids,  or  the  breadth  of  the  sides  of  the  square  prism,  arc 
twice  the  length  of  the  equal  parameters  C  Mi  or^C  Mg,  and  the  height  of  the  prism  or 
its  edge,  such  as  Ai  A5  (Fig.  185)  is  twice  the  length  of  C  P. 

To  draw  tJu  square  Trism.—Dr&w  the  line  Ag  A5  (Fig.  185)  equal  to  twice  C  M 
(Fig.  186). 

Through  Ah  draw  Ag  A7,  making  an  angle  of  about  SO®  with  Ag  A5. 

Make  Ay  A7  equal  half  Ag  Ag.  ^rough  Aj  draw  A5  Ag  equal  and  parallel 
toAcA-. 

Through  Ag  draw  Ag  A4  perpendicular  to  Ag  A5,  and  equal  twice  C  P 
(Fig.  186). 

Through  A3  Ag  and  A7,  draw  A5  Aj,  Aq  A,  and  A7  A3  parallel  and  equal  to 
/L.  A,. 

Join  A 4  A3,  A4  Ai,  Ai  A.^,  and  A3  Ao  and  the  square  prism  will  be  represented  in 
perspective. 

Symbols. — Each  face  of  the  Square  Prism  we  have  described,  cuts  one  of  the  axes 
\i  a  distance  from  tho  centre  C  of  the  axes,  equal  to  the  length  of  one  of  the  equal 
mramoters,  and  is  parallel  to  the  other  two  axes.  The  two  basal  pinaeoids  cut  the  axis 
it  a  distance  equal  to  the  unequal  parameter  and  are  parallel  to  tlie  other  two  axes. 
/Adopting,  therefore,  the  same  principle  we  have  used  in  the  cubical  system,  our  symbol 
br  this  square  prism  will  be  1  00  00 ,  and  for  the  Basal  Finacoid  00  00  I. 

For  this  square  prism  Naumann's  symbol  is  00  P  00,  Miller's  10  0,  Brooke  and 
[ievy*8  modification  of  Haiiy  M,  and  Moh's  [P  -f  00]. 

For  the  bcual  pinaeoid  Naumann's  is  0  P,  Miller's  0  0  1,  Brooke  and  Levy's  P,  and 
kfohs  P  —  00. 
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To  describe  a  ntt  for  the  Square  i^*ttfrs.— Talce  the 
parallelogram  A^  A4  A5  Ag  (Fig.  185)  for  one  of  tiie 
faces  of  the  square  prism,  range  four  snch  parallelo- 
grams as  in  Fig.  187.  Describe  two  squares  haying 
their  sides  equal  to  A^  A4  (Fig.  185)  and  place  them  as 
in  Fig.  187,  and  the  net  will  be  formed. 


Fig.  187. 
Minerals  whose  crystals  present  faces  parallel  to  the  8(pmre  pritm  wJiose  symbol  i»  1  oo.  oc ; 


Apophyllltc 

Mellite. 

Tin. 

Cassiterite. 

Naggagite. 

Torberite. 

Calomel. 

Phoagenite.- 

Towanite. 

Edingrtonite. 

Rutile. 

Wulfenite. 

Gehlenite. 

Sarcolite. 

Zenotine. 

Idocrase. 

ScaphoHte. 

Ziroon.. 

Lanthanite. 

Sommervillite. 

Minerals  whose  crystals  cleave  parallel  to  this  fornit— those  printed  in  Ucdics  indicating  that  Hie 
cleavage  is  easy  and  perfect :— 


Cassiterite. 

Gehlenite. 

SeapoUte. 

Calomel. 

Phosgenite, 

Sonunervillite. 

Edingtonite. 

Rutile. 

Zenotine. 

Minerals  whose  crystals  present  fdcesqmraikl  to  the  Basal pinacoids:— 


Aratase. 

Apophyllite. 

Braunite. 

Cassiterite. 

Calomel. 

Fergusonite. 

G^efalenite. 

Hausmanite. 


Idocrase. 

Seapolite. 

Lanthanite. 

Scheelite. 

Watlockite. 

Sommervillite. 

Mellite. 

Stolflite. 

Naggagite. 

Torberite. 

Phosgenite. 

Towanite. 

RntUe. 

Wulfenite. 

Sarcolite. 

Cleavages  parallel  to  the  basal pinaeoidsooew  in  the  fbiOowingmmeraJs:* 


Anatase. 
Apophyllite. 
Gehlenite. 
Hausmannite, 


Idocrase. 
Lanthanite. 
Naggagite. 
Phosgenite. 


tdUite» 
Stolzite. 
Torberite. 
Towanite. 
"Wulfenite. 


/  J'ig' 


To  draw  tlie  Second  Square  Priam. — Draw  the  aace&P^  ^2r^-  M^  and  M^  H4  as  in 
183.        Through  Mj  M,  M3  and  M4,  draw  B^  B^,  B^  Bg,  B3  B,,  and  B4  Bj 


SaCTAEE   PSt&M. 


ses 


parallel  and  eqtifll  to  P^  P^,     Jora  Bj  B.>,  B^  Bj,  &(?.,  and  a.  seeond  sqimre  prifim  will  be 
deacribed  in  &  diiiereiit  posltian  frsm  tJiD  fanner  one.  -       .^Jli 

In  thia  priam  the  axes  in  wBich  the  equal  parametera  lie,  ptias         "SZ-f-^^^^^t 
through  its  fudges,  while  in  tiie  prism  pTevionsly  deecnbed  they  ^ 

are  perpendicular  to  ita  faces. 

This  prism,  like  the  former,  ia  an  open  fonn,  closod  hf  the 
smnc  hasal  pinacoidi^  perpendicular  to  the  axis  P^  P^k 

Symboh. — Each  face  of  this  pmm  cnts  tw^o  of  the  aies  at  a 
distanee  *?qnal  to  ttat  of  tJie  tqtial  parameters  from  the  cen^  C* 
and  Ie  patallel  to  the  thli^.  Thus  the  plane  B;  E*  B^  Bg  cuts  the 
ftses  C  M^  and  C  M^  in  the  point*  M^  and  M,,,  and  is  parallel  to 
C  V^*  The  eymbol,  therefore,  whieli  represents  this  rtilatloii  of 
the  faces  of  the  priam  to  the  axes  is  1  1  oo  . 

Naumann's  Bymbolia  m  P,  Milka-'sl  1  0,  Brooke  and  Levy's  g*,  Moh'B  P  +  as  . 
Thia  fotnn  being  in  all  reapects  similar  to  that  of  the  preceding  square  prism,  except  in 
the  biioadth  of  ita  faces,  and  its  position  witii  regard  to  the  a3:eaj  its  not  will  he  de- 
scribed in  the  iame  manner  as  Fig,  187- 


Faeasparalid  h  ths  S§itmre  Frmn  ti^Ms^  BpuM  is  I 

1  00 ,  o^ur  m  thefalhmff^ 

iiiifteri^h  :— 

Apoh^lUte. 
Ca«EJtcrite. 

MuUodtite. 

FbosfmiCe. 
Rntile. 

Stokite. 
Tin. 

Torbcdte. 
Towiiaite. 

Ziraoo. 

Kaggiigit«. 

Htf  JvUouitiff  MimtaU  hme  deavs^es  pffntlid  to  the  Square  Frmn  lehmff  S^mM  is 

1 1  00  :— 


Cii«s!tor!tc. 
Hntlocltite. 


Phd^EQltfi. 


ScnpolltP. 
Zircon. 


fouj^&ced 


Vottlile  I'ouj^-Faced  P7:raiiild  of  tiie  Fixat  Otdev.— The  douhle 
pyramid,  or  octahedron  on  a  jjqnaro  hase^  is  a  solid  boundLd  hy 
eight  triangidar  fjiccB^  aueh  as  Pi  G^  G^,  Fig.  ISt),  each  face  being 
an  isoscelcfl  triangle  ;  it  has  foTjr/cii*r-/i5fC«i  sdid  tfu^fc*,  Gj  G^  Gg  Gi, 
formed  by  lie  equal  angles  of  the  isoseoles  triangles,  and  twof^iur- 
faied  noiid  an^les^  Pi  and  P^j,  formed  by  the  iinoqual  angles  of  the 
isoBccles  triangles.  Four  eq^ual  cd<|e.?,  G^  G.,, 
&c..  which  ar£t  the  bases  of  the  isosL'eloa 
triangles,  and  eight  ot3iCT  edges,  P^  G^,  P^  G.^ 
Jtc,  equal  to  on<5  another,  but  uneqiial  to  the 
former,   which  ai*$  the  aidos  of  the  iaoseeles  ^^ 

trion^lefl.!  ^e-^*'^' 

To  2>mtr  the  IhuhU  Fmtr-Fafed  Pf/rmnid  of  the  FirM  (h'dm\ 
—Describe  the  squai^  prism  Aj  X^  &c,,  A^,  \vi^  its  a^ees  I\  P„, 
fee.,  as  dircetcd  for  Fig,  185, 

Through  Ml  M.M^and  M^,  Fig.  1^0,  dntw  G*  G,,  Gi  G^,  G3G3, 
and  Ga^  Gj,  parallel  to  Aj  Ai,  A^  Ay  A^  Aj,  and  A^  A^,  and  cui^tm% 
the  ed^e^  of  the  prism  in  the  poVnts  G  ^  R ,  O  .^  aa.^  U  ^,, 


Fiff-  ISO. 


\ 
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Join  Pi  G^,  Pj  G^,  Pi  G3,  (fee,  as  in  Fig.  190,  and  the  pyramid  will  be  drawn. 

Axes. — From  the  description  of  this  pyramid  it  is  evident  that  the  axes  in  whicli 
the  equal  parameters  are  taken  join  the  centres  of  the  edges  Gx  Gg,  Gg  G3,  G3  G^, 
and  G4  Gi,  which  are  the  edges  of  the  bases  of  two  equal  square  pyramids  whicli 
joined  together  form  the  figure,  while  the  third  axis  joins  the  apices  Pj  Pg  of  the 
pyramids. 

Symbols, — Each  face  of  this  doublo  pyramid  cuts  one  axis  at, a  distance  equal  that 
of  one  of  the  equal  parameters,  the  second  axis  at  a  distance  equal  to  the  unequal 
parameter,  and  is  parallel  to  the  third  axis. 

Thus  the  face  Pi  G,  G^,  Fig.  190,  cuts  the  axis  C  Mo  in  Mg,  is  parallel  to  the  axis 
C  ^Ip  and  cuts  the  axis  C  Pi  in  Pj. 

The  symbol  which  expresses  this  relation  to  the  axes  is  loo  1. 

Xaumann'a  symbol  for  this  form  is  Poo,  Miller's  10  1,  Brooke  and  Leyy's  i', 
andMoh'sP-  1. 

Liclihation  of  the  Faces.— Let  <f>  be  th3  inclination  of  the  adjacent  faces  measured 
over  the  edges  Gi  G._„  &:c.,  0  their  inclination  over  the  edges  Pi  Gi,  &c.,  and  a  the  angular 
element  given,  page  360. 


Then  tan. 


">. 


:  cot.  a  and  cos.  x  ■ 


■6=  (s 


■<t> 


are  the  formulce  from  which  these  inclinations  may  be  determined. 

To  Describe  a  Xet  of  the  Double  Four- Faced  Pyramid  tchose  Symbol  is  1  00  1.— 
Describe  a  square,  Gi  G,  G3  G^,  Fig.  191,  having  its  sides  equal  to  twice  C  Mg,  Fig.  190, 
or  equal  to  twice  the  length  of  one  of  the  equal  parameters.  This  square  will  be  the 
base  of  the  double  pyramid.  Let  C  be  its  centre.  Join  C  G^,  C  Gg,  C  G-^,  and  C  G4. 
Then  (Fig.  192),  draw  C  P  perpendicukr  to  C  G.  Take  C  P  =  C  Pj,  Fig.  190,  and 
191.     Join  P  G. 


1 


Fig.  191 


Rg.lM. 


Fig.  194. 


Draw  Gi  Gg,  Fig.  193,  equal  to  Gi  Gg,  Fig.  191. 

On  G,  Gg  describe  an  isosceles  triangle,  Pj  Gj  Gg,  having  its  equal  sides,  P  G^,  P  G.y, 
equal  to  P  G  (Fig.  192).  P  Gj  Gg  will  be  a  fiice  of  the  double  four-faced  pyramid,  and 
eight  such  feces  arranged,  as  in  Fig.  194,  will  give  the  required  net. 

To  DiMif  a  Jfap  of  ihf  proJ^^tioH  of  i.W  I\>ks  cf  the  Double  Four-Faced  Pyramid  uhosc 
Symiol  M  1  30  1,  up«H  tJkf  Spi^nr  of  Pt^jeetiju^  a*  urli  as  those  of  the  Square  Prisms 
already  d^sicriied. — ^^Vith  P|  as  centre,  and  any  convenient  radius  P|  Mj,  describe  the 
circle  Mj  M.  M^^.  lA>t  M|  M^,  and  Mg  Mj.  be  any  two  diameters  perpendicular  to  each 
other,  f?!  cr,  and  d^  d^y  two  diaaieu?rs  bisecting  the  right  angks  Mj  Pj  Mg,  and  Mg  P,  M^.  |  j 
Then  P|  wiU  icprosuit  the  north  pole  cf  the  g^eie  of  prcjection,  and  M|  M,  M3  its  /  / 
i>iuatv>r.  I  i 
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Ml  Mg  M,  M4  the  poles  of  the 


Pi  will  represent  the  pole  of  the  basal  pinacoid. 
faces  of  the  sqnarc  prism 
whose  symbol  is  1  00  00, 
di  do  d^  and  d^  those  of  the 
faces  of  the  square  prism 
whose  symbol  is  1  1  00 . 

The  poles  a^  a.,  a^  a^  of 
the  double  four-faced  py- 
ramid, whoso  symbol  is 
1  CO  1,  always  lie  where 
the  circle  of  their  latitude 
cuts  the  meridians  C  Mj, 
C  Mo,  C  M3,  and  C  Mj ; 
their  latitude  being  equal 
to  the  angular  element  of 
the  substance  to  which  the 
crystal  belongs. 


Fig.  195. 
Cnjsials  icJtose  Faces  occur  parallel  to  the  Dottble  Four- Faced  Pyramid,  whose  symbol  is 
1  1  00 ,  together  with  the  latitude  of  their  poles  on  the  sphere  of  projection. 


Anatase 
Braunite 
Cassiterite     . 
Calomel 
Edingtonite   . 
Fanjasite 
Hausmannitc 
Idocrase 
Matlockite    . 
Mellite . 
Naggagite     . 
Phosgenite    . 
Rutile 
Sarcolite 


Scapolite 23* 

Scheelite 

Somervillite 

Stolzite 

Tin 

Torberite 

Towanite 

Wulfenite 

Zenotine 

Zircon 

Three  of  these  minerals  cleave  parallel  to  the  form  1  1  00 ,  Anatase,  Braunite,  and 
Cassiterite,  the  first  two  with  a  perfect  cleavage. 


60^ 

38' 

54'* 

20' 

as'' 

oS' 

60» 

9' 

43^ 

39' 

52° 

45' 

58° 

57' 

28'' 

9' 

60" 
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36° 

44' 

61" 

23' 
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20' 

32° 
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23° 

45' 
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21° 
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25' 

44° 
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33' 

41° 

0' 

32° 

38' 
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BoifcUe  IVnv^FaoaA  ffyiinnH  «f  Um  SMMnid •sdw. — Thu  pyrsBiid  coffers 
from  tho  former  only  in  the  position  and  size  of  its  base.  The  aame  figure  bamg 
described  (Fig.  197)  as  Fig.  185. 

Join  Mi  Mj,  Mj  M3,  M,  M4,  and  M4  M^ ;  also  join  Pj  M^,  P^  M^  Pj  li;,  Pj  JI^ 

and  P2  M„  P2  M2,  P2  M3,  P2  M,. 

And  the  double  four-faced  pyramid,  P^  M,  Mg  P^,  Figs.  196  and  397,  of  the  seooDd 
order,  will  be  inscribed  in  the  square  prism. 

In  &is  prism,  tho  axes  in  which  the  equal  parameters  lie,  join  the  solid  angles  st 
the  base  of  the  pyramids  M^  M3,  and  Mj  M4. 

In  Fig.  191,  let  M^  Mj  M3  M4  be  the  centres  of  the  sides  of  the  square. 

Join  C  Ml  C  Mg,  &c.,  C  M4,  and  Mj  M^,  Mj  M„  M3  M4,  and  M^  Mj. 

Then  Ml  Mj  M3  M4  will  represent  the  common  base  of  the  p]nrami4s  of  the  second 
order,  G^  Gj  G3  G4  that  of  the  pyramids  of  the  first  order,  and  M^  Mj,  and  Mj  M4,  the 
position  of  the  axes  with  respect  to  these  bases. 


Fig.  196. 


Fi«p.l98. 


To  find  the  face  of  this  form,  produce  G  C  to  M  (Fig.  192).  Make  C  M  equal  to 
C  Ml,  Fig.  191.     Join  P  M. 

Draw  Ml  Mg,  Fig.  198,  equal  to  Mi  Mo,  Fig.  191. 

On  it  describe  the  isosceles  triangle,  P  Mi  M.^,  having  the  equal  sides  P  Mj,  P  ^S.^ 
equal  to  P  M,  Fig.  192    P  Mi  M2  will  be  a  face  of  the  pyramid. 

Eight  such  triangular  faces,  arranged  as  in  Fig.  194,  will  form  the  net  of  the  douhU 
four-faced  pyramid  of  the  second  order 

Symboh.^'Eyery  face  of  this  form  cuts  the  three  axes  at  distances  &om  its  centre 
equal  to  that  of  the  parameters ;  the  symbol  which  expresses  this  relation  is  I  1  1. 

Naumann*s  symbol  is  P,  Miller's  111,  Brooke  and  Levy's  a*,  Moh's  P. 

Inclination  of  Faces. — If  <p  be  the  angle  of  inclination  of  adjacent  fSEiees  over  the 
edges  Ml  Mg,  M^  M3,  &c.,  6  that  over  the  edges  P^  M^,  Pj  Mg,  &c.,  and  a  that  of  the 
angular  clement,  page  360. 

^  ~I      ^  cot.  a  cos.  45°. 


tan. 


^x3 


cos.  (tt  —  6;  =  V — 

Fosition  of  the  Poles  of  this  Form  on  the  Sphere  of  PrcJection.-r-ThQ  latitade  of  the 
poles  of  this  form  is  the  same  for  all,  four  lying  in  tho  same  parallel  of  north  latitude, 
and  four  in  the  same  parallel  of  south  latitude.  Four  poles  lie  in  the  zone  passing 
through  the  pole  Pi  of  tho  form  00  00  1,  and  Hie  poles  d^  and  d^  of  the  square  prieoD, 
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KMe'Sym^ol  is  1  L  oo .    Tbxa  b^  h.^  b^  ^,  Etg.  195,  Tepiaient  the  polfiB  of  the  doable 
«r-(iteed  pynmid,  ^idieBe  i^iiibel  is  1  1 1. 


Fa^  parallel  to  this  form  occur  in  thefoUotoing  tmnerals,  the  angles  are  the  latitude  of 

-their  poles : — 


Anatase 

CSalomel 
Gasedterite     . 
Chiolite 
Fergusonite  . 
Hausmannite 
Idocrase 
Matlockite     . 
M^Hte 
Naggagite     . 
Fhosgemte    . 
BtitQe 
Sarcolite 
Scapolite       ; 
Scheelite 

Stolzite 

Tin        . 
Towanite 
Wulfenite      : 
Zircon  . 


68°  18' 

60=^ 

32' 

67^ 

55' 

43°  3«' 

56° 

43' 

64° 

41' 

49° 

36' 

37° 

r 

68° 

9' 

46° 

33' 

68° 

56' 

56° 

54' 

42° 

20' 

5V 

27' 

31° 

54' 

64° 

81' 

65° 

42' 

26° 

86' 

54° 

2(r 

65° 

4r 

42° 

10' 

Of  these,  Fergusonite,  Hausmannite,  Stolzite,  Wulfonite,  and  Zircon,  have  cleavages 
irallel  to  this  double  four-faced  pyramid. 
Double  Fow-Faced  F3rzainids  derived  fxom  the  Form  1  cD  1.— Betaining 
the  same  base  Gi  G^  G3  G4,  Fig.  190.  TakeT  P^  and  C  Pg,  Fig. 
199,  equal  to  m  times  C  P^,  Fig.  190,  m  being  any  fraction  or 
whole  number  greater  than  unity.  Join  P5  Gj,  P5  Gg,  &c.,  as  in 
Fig.  199,  and  the  pyramid  mil  be  constructed. 

For  Fig.  200  take  C  P3,  C  P4  =  »»  C  Pj  Fig.  190,  m  being  a 
fraction  less  than  unity. 

Join  P3  Gi,  P3  G2,  &c.,  as  in  Fig.  ^00, 
and  the  pyramid  Trill  be  confltructed. 

The  series  of  pyramids,  such  as  Fig. 
'  199,  are  more  acute,  and  those  of  Fig.  • 
200  more  obtuse,  than  the  original  pyra- 
•mid  1  00  1. 

/8[ywiofe.— The  symbol  for  these  double  . 
Pig..l».  four-faced  pyramids  is  1  00  m,  as  each  Fig.  200. 

ice  cuts  one  axis  at  a  distance  equal  to  one  of  the  equal  parameters,  ia  parallel  to  the 
iher,  and  cuts  the  third  at  a  distance  equal  to  m  times  the  greater  parameter. 
Naumann*s  symbol  is  w  P  00 ,  MiIler*B  hoi,  Brooke  and  Levy's,  bm. 
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Ftfie*. — The  poles  of  these  pyramids  always  lie  in  the  zone  M  P  M,  Fig.  195,  those 
of  the  acute  pyramids  heing  hctween  a  and  M,  those  of  the  obtase  between  P  and  a: 
the  poles  of  the^  upper  pyramid  lie  in  tlie  same  circle  of  north  latitude,  those  of  the 
lower  in  the  same  circle  of  south  latitude. 

Axes. — The  axes  C  Mj,  C  Mj,  &c.,  in  which  the  equal  parameters  are  taken,  join 
the  centres  of  sides  of  the  base,  Fig.  199  and  200,  while  the  third  joins  the  apices  of 
the  two  pyramids. 

Inclination  of  Faces. — If  <p  be  the  angle  of  inclination  of  adjacent  faces  over  the 
edges  Gi  G,,  G/G4,  &c.,  6  that  over  the  edges  P^  G^,  P,  G4,  &c.,  and  a  the  angular  element 
of  the  substance. 

Tan. '^-^IL?  :::;?- cot.  a 
2  in 

Cos.  (ir-e)=(8in.'^~^y 

Forms  of  tlic  double  four-faced  pyramid  whose  symbol  is  1  co  m  which  have  been  observed 
in  nature^  together  with  the  latitude  of  tlieir  poles  on  the  spJiere  of  projection. 

The  form  1  00  -^j  ^  P  00  Xaumann ;  105  Miller ;  and  b^  Brooke  and  Levy. 

Anatase 19°  34'. 

Apophyllite 14"    3'. 

SchceHte 16°  31'. 

The  form  1  00  ^,  ^  P  00  Naumann ;  103  Miller ;  and  b^  Brooke  and  Levy. 

Calomel .        30°    9'. 

Hausmannitc 28°  58'. 

Wulfenite 27°  40'. 

llausmannitc  cleaves  parallel  to  this  form. 
The  form  1  00  ^,  J  P  00  Naumann  ;  102  Miller ;  b^  Brooke  and  Levy, 

ApophylUte 32°    2'.         " 

Edingtonito 25°  26'. 

ScheeUte 36°  34'. 

Torberite 32°    4'. 

Wulfenite 38°  11'. 

The  form  1 00  J,  f  P  00  Naumann ;  203  Miller ;  bi  Brooke  and  Levy. 

Torberite 39°  53'. 

Towanite 33°  18'. 

Wulfenite 46°  21'. 

The  form  1  00  ^,  f  P  00  Naumann ;  302  Miller ;  b^  Brooke  and^Lovy. 

Towanite 55°  55'. 

Wulfenite 67°    2'. 

The  form  1  00  2,  2  P  00  Naumann  ;  201  Miller ;  b^  Brooke  and  Levy. 

Anatase 74°  14'. 

Braunite 70°  15'. 

Idocrase 46°  57'. 

Torberite 68°  15'. 

Towanite 63°    6'. 

Torberite  cleaves  perfectly  parallel  to  this  form. 
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The  form  1  oo  3,  3  P  oo  Naumann ;  301  Miller ;  b^  Brooke  and  Levy. 

Rutile 62°  38'. 

Tin 49°  10'. 

The  form  1  oo  5,  5  P  oo  Naumann ;  601  Miller ;  bi  Brooke  and  Levy, 

Cassiterite         .        .        ...        73°  26'. 
When  m  becomes  infinitely  great  this  pyramid  passes  into  the  square  prism  whose 
sign  is  1  00  00 ;    a$  m  approaches  to  zero  the  pyramid  approximates  to  the  basal 
pinacoid. 

Double  Fonx-iaced  Fyxamids  derived  from  the  Pyramid  of  the  Second 
Order. — Retaining  the  same  base  M^  M,  M,  M4,  as  in  Fig.   196. 
Take  C  P3,  0  P«,  as  in  Fig.  201,  equal  to  m  times  C  Pi,  Fig.  196, 
m  being  any  fraction  or  whole  number  greater  than  unity. 
Join  P,  Mj,  P3  Mg,  &c.,  as  in  Fig.  201. 

For  Fig.  201  take  C  P,,  or  C  P4  equal  to  m  times  C  Pi  (Fig.  196), 
m  being  less  than  unity. 

Join  P5  Ml,  Pg  M2,  &c.,  as  in  Fig.  202,  and 
the  pyramid  will  be  constructed. 

The  series  of  pyramids,  such  as  Fig.  201,  are 
more  acute,  and  those  described  as  Fig.  202  are     1 
more  obtuse  than  the  original  pyramid  whose 
symbol  is  1 1 1. 

Si/mbols.-^  The  symbol  for  these  pyramids 
whose  faces  cut  two  of  the  axes  at  a  distance 
Fig.  201.         equal  to  that  of  the  equal  parameters  from  their 
centre,  and  the  third  at  a  distance,  m  times  the  greater  paramenter,  is  11  «i.    Nau- 

mann*s  symbol  is  #wP,  Miller's  hhly  Brooke  and  Levy's  «"•• 

Poles. — ^The  poles  of  these  pyramids  always  lie  in  the  zone  d^d  (Fig.  195),  those 
of  the  acute  pyramids  being  between  b  and  cT,  those  of  the  acute  being  between  P  and  b. 

Axes, — The  axes  join  the  opposite  four-faced  solid  angles. 

Inclination  of  Faces. — Ji  (p  be  the  angle  of  inclination  of  adjacent  faces  over  the 
edges  Ml  Mg,  M^  Mg,  &c.  (Figs.  201  and  202),  e  that  over  the  edges  P^  Mj,  P5  Mjj,  &c., 
a  the  angular  element  of  the  substance, 


tan. 


y  —  <p  __     1 


cot.    a  cos.  45°. 


s.(T-e)=  (sin.  J!^)' 


Forms  of  the  Double  four-faeed  Pyramid,  whose  Symbol  is  11  m,  wkieh  have  been  observed 
in  Nature,  together  with  the  Latitude  of  their  Poles  on  the  Sphere  of  Projection. 

The  form  1,  1,  -^ ;  -^V  Naumann ;  1,  1,  16  Miller ;  a"  Brooke  and  Levy. 
Wulfenite  7°  55'. 

The  form  1,  1,  ^- ;  +  P  Naumann ;  1,  1,  7  Miller ;  a'  Brooke  and  Levy. 
Anatase 19°  45'. 
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Tbi;fanDl,  l,\;  ^ P  Naumaim ;  1,  l,5MiUcr;  ^  Brooke  wmALewf, 

Anataae     • 26M4'.    ~ 

Apophyllitc 19'  SO*". 

The  form  1,  1,  |;  $  P  Naivuum;  2,  2,  9  Miller;  ai  Brooke  and  Levr. 
Wulfcnitc iA^lSr. 

The  form  1,  1,  i;  J  P  Xanmaan ;  1,  1,  4  Miller;  a«  BMwke  and  Levr. 
Towanite 19' 23'. 

The  fbnn  1»  1,  J ;  J  P  Nammmn ;  1,  1,  3  Miller ;  a'  Brooke  and  Lcvj-. 

Aiiata0o 80**  38% 

Idocrasc 14' IC. 

Towanito 24'*  55'. 

Apophyllite 3<r  32'. 

Sarcolite  22^41'. 

Wulfenitc 36^33'. 

Calomel  39*24'. 

Schoelito 34°  58'. 

Wulfenito  cleaycs  parallel  to  this  pyramid. 

The  form  1,  1,  i;  J  P  Naumana;  1,  1,  2  Miller;  a^  Brooke  and  Levy. 

Idocraso  20°  44 . 

SchccUte 46°  22', 

Stobsito  47°  65\ 

Towanito 34°  52'. 

The  form  1,  1,  f ;  J  P  Naumaim ;  3,  3,  5  Miller ;  »^  Brooke  and  Lcry. 
Caasiterito 29°  43'. 

The  form  1)1,4;  4  ^  Kaumann ;  3,  3,  2  Miller ;  a?  Brooke  and  Levy. 

Towanito 64°  26'. 

Wulfenito 73°  19'. 

The  form  1,  1,  2;  2  P  Naumaan;  2,  2,  1  Miller;  ai  Brooke  and  Levy. 

Idocraso 56°  33'. 

Stobiito  77°  17'. 

Towanito 70°  16'. 

Zircon  61°  6'. 

The  form  I)  1»  f ;  4  P  Naumann ;  5,  5,  2  Miller ;  «*  Brooke  and  Levy. 
Gasaiterito 67°  21'. 

The  form  1,  1,  3  ;  3  P  Naumann ;  3,  3,  1  Miller ;  a^  Brooke  and  Levy. 

Idocraso 66°  34'. 

Soapolito 61°  50'. 

Tin 58°  34'. 

ZiitMUi 69°  48'. 

Tho  fonn  1, 1,  4 ;  4  P  Naumann ;  4,  4,  1  MiQer ;  «'»  Brooke  and  Lery. 
Idocraso  -71°  43'. 

As  m  increasca  in  mignitudo,  this  pyramid  i^proachea  to  the  square  prism  wh(x 
symbol  is  1 1  « ;  and  when  m  becomes  infinite  coincides  with  it. 
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Fig.  20a. 


S|pli«noid  d«viv64l  from  the  Fyvamkl  of  tlio  Fiwt  Older,— By  deydopmg 
half  the  faces  of  the  double  four-faced  pyramid  of  the  first  order^  a  hemihedral  fbrm, 
with  inclined  faces  is  produced,  which  is  called  a  sphenoid^  or  in-egtilar  tetrahedron. 
Thus  (Fig.  203),  the  four-faces  Pi  Gi  G4,  P^  Gg  G3, 
P2  Gi  Go,  and  Pj  G3  G4  of  the  pyramid  Pi  Gj  Gj  Po 
(Fig.  189)  being  produced  till  tiiey  meet,  form  the 
sphenoid  Qi  Q2  Q3  Q^  (Fig.  203).  This  sphenoid 
may  be  called  the  positive  sphenoid.  The  other  four 
faces  being  produced  till  they  meet,  form  another 
sphenoid  equal  in  aU  respects  to  the  former,  and 
differing  only  in  position ;  this  is  called  the  negative 
sphenoid. 

The  sphenoid,  so  called  from  its  wedge-Hke  shape, 
is  bounded  by  four  isosceles  tnangles,.such  as  Q^  Q^  Q3 ; 
has  six  equal  edges,  such  as  Qj  Qj ;  and  four  three- 
faeed  solid  angles  Qi,  Qj,  Q3  and  Q4. 

To  Draw  the  Sphenoid  derived  from  the  Pi/ramid  of  the  Mrst  Order. — Through  Pj 
(Fig.  203)  draw  Qi  Qg  parallel  to  Gi  G4 ;  and  through  P2,  Q3  Q4  parallel  to  G^Gj 
Maie  Pj  Qi  and  Pj  Q^  equal  to  G^  G^,  and  P3  O^andPgQa 
equal  to  Gi  G^.  Join  Qj  Q3,  Qi  Qi,  Q^  Q3,  and  Q,  Q4. 
In  a  similar  manner  ihe  sphenoids,  derived  from  the  double 
four-faced  pyramids  (Figs.  199  and  200), 
may  be  drawn. 

To  Construct  the  Net  for  the  Sphenoid. 

—Draw  «ie  line  %  %  (Fig.  2C4)  equal 

to  twice  Gi  G2  (Fig.  19^3) ;  on  it  describe 

the  isosceles  triangle  Q^  Q3  Q^,  having 

each  of  its  aides,  Q^  CI3,  Q2  Q3,   equal 

Fi-.204,  twice  PGi  (Fig.  192).    QiQ^Qawfllbe 

°'      *  a  face  of  the  sphenoid;  and  four  such 

Lged  as  im  JPig.  205,  wili  form  the  required  net. 


Tig.  205. 


Crystal*  wliose  JFases  occur  parallel  to  the  Sphenoid  derkedfeem  the  Fyrmnide  of  t/ie 

Firsi  Order, 

The  sphenoid,  demed  ficom  the  pyramid  wiMae  syvhol  is  11 00 ,  occurs  in  Edingtonite, 
Stobzite,  Towanite,  and  Wnlfimite ;  imd  ib}m  [^  pyramid  whoso  sign  is  loo  ^  in 
Edingtonite.    ::  " 

The  poks  %  a,  of  the  positwe  sphenoid  lie  in  the  zone  M^  Pj  M4  (Fig.  195),  in  the 
northern  hemisphere  of  the  sphere  of  projection ;  and  the  other  two  poles  in  the  zone, 
M2  P,  Mj,  ia  the  southern  hemisphere :  a^  ^*r  P<^iM  of  the  negative  sphenoid,  lie  in  the 
zone  M2  Px  M3  of  the  northern  hemlE^eve ;  the  poiAs  in  the  southern  lie  in  the  zone 
Mj  Pj  Mg. 

Spbenoid  deKiTe4l.fioflntheP7ima&d.of  tiie  Second  Ozdez.— By  developing, 
as  in  the  last  case,  the  alternate  faces  of  the  doable  fbur-faced  pyramid  (Fig.  197)  whose 
symbol  is  111,  two  hemihedral  forms  with  inclined  faces  wiU  be  produced,  which  are 
tj^enoidSk 

To  Construct  the  Spkenoid.-^BitiM  flie  pnsiEk  A^  Jl^  A,  A7  (Fig.  206)  as  in  Fig.  196. 
Join  Ai  A3,  Ae  Ag,  A,  Ap,  Aj  A^,  Ag  Aj^and  A,  A«,  amd  thejMs&ilM  «3rt*i#taA*  Aj  A3  Ag  Ae 
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(Fig.  207)  wiB  be  ilmwiu    The  m^miim  sphenoid  may  be  ecKsatniCted  by  joming  the 
points  Aj  A^,  A|  A^,  Aj  A^,  A|  Aj,  Aj  Aj,  and  A^  Ag. 


lis,  2W,  Fig,  207.  I^^.  %m. 

To  Cowirutl  iheFa^  of  this  Sphenotd.^^mw  Aj^  A^  (Fig.  208)  aqnal  to  twice  M|  Mj 
(Fig,  198) ;  on  it  deacribe  tlie  i&oaL'clea  tnangle  A|  Ag  A„  liaving  its  eides  A,  A^  and 
A^  Afl,  equal  to  twice  F  M^  (Fig*  198).  Fonr  such  trianglesj  arranged  m  in  Fig.  20St 
will  farm  tlie  net  for  this  sphenoid. 

In  a  similar  maauer  tiio  Bphenoids  and  theEr  nets  jqhj  be  constractedj  wHch  are 
doriyed  from  Ih©  pyramids  whose  symbols  aro  of  the  fortn  1 1  m. 

Vr^Btak  whoM  Ftues  occur  parallel  io  the  Sphmotdt  derived  from  P^ramtdg  o/iht 

Second  Order. 
The  sphenoid  derired  &om  1^  pyramid  whose  Bymhol  Is  ill  ecenfa  in.  BtoMt&f 
Towanite,  asd  Wulfenita  j  and  firom  die  pyramida  whose  aymboU  are  11 J  and  11 J^  m 
Towanitc* 

The  pplea  hi  h^  {^^E-  1^'^)  ^^  ^®  pontine  sphefioid  E&  in  the  jfono  d^  P^  d^  of  the 
northern  hemiJiphere  ;  and  its  other  polca  in  the  Eona  d^  P^  «?,  of  thtj  aotithern  lienii- 
sphero  of  the  sphere  of  projection.  The  polea  b^  b^  of  the  neffativi  sphenoid  lie  in  th* 
jGone  d^  F|  «f^  of  the  notther%  and  ita  other  polea  in  the  2one  d^  Pj  d^  of  ^e  aoutliam 
hemisphere. 

Octftgoual  Pzlmi. — ^Ths  eettt^mai  pHsm,  also  called  the  diMra^imai  prtmj  and 
the  right  priam  on  an  octagonal  baae,  is  a  solid  hounded 
by  ten  faceSf  eight  of  which,  atich  &a  M^  Ej  Ej,  Mg^  aie 
reetangulor  paraHelognunsi  forming  the  fiidos  of  tbe 
prism,  Tho  other  two,  forming  the  top  and  bottom  of  tb^ 
prism,  are  iiregular  octagons.  When  this  priam  il  coa- 
iidered  a^  open  form,  its  aides  alone  aj-e  considered  t^ 
planefi  of  the  prisma  and  tho  two  faces  which  inelo^iii< 
are  the  pianos  of  the  Boiol  pmacotda^ 

Axes, — The  rectaugTolixr  aicSj  in  which  tho  ©qn^ 
pammetera  aie  taken,  join  the  points  M^  M^,  andM^  M^; 
while  the  third  axia  coineideB  with  the  geometrical  itiii 
of  the  priam. 

Bi(v^h.—^^x^  face  of  the  octagonal  prism  cuts  one  of  tho  axes,  aa  C  Mj  (Fig.  1*0), 
at  a  distance  C  M^  equal  to  the  length  of  one  of  the  equal  parameters ;  the  other  axis, 
as  C  M^  at  a  diatanoe  equal  fi  timea  tiat  parameter,  where  n  may  represent  any  whole 
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number  or  fraction  greater  than  unity,  and  the  face  is  parallel  to  the  third  axis  C  P^,  in  I 
which  the  unequal  parameter  is  taken. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1  n  oo . 

Naumann's  symbol  for  this  form  is  oo  P  w,  Miller's  A  Jfc  o,  Brooke  and  Levy's  ^. 

Indination  of  the  Faces. —liQi  ^  be  the  angle  of  inclination  of  the  faces  measured 
over  the  edges  E^  E^,  Ej  E,,  &c.,  and  e  over  the  edges  Mj  Mg,  Mg  My. 

Cos.  (t-0)  =  ^!jzi  or  tan.  (!Ilzi)  =  i,   and  4>  =  270°  —  6. 


»  +  l 


Fig.  210. 


To  Draw  the  Octagonal  Pmm.— Describe  a  square,  Gj  Gg  G,  G^  (Fig.  210)  having 
each  of  its  sides  equal  to  twice  the  arbitrary  unit  chosen 
for  the  equal  parameters  of  the  system.    Let  C  be  the 
centre  of  the  square,  Mi  Mj  M3  and  M4  the  centres  of 
its  sides.    Join  Mi  M3  and  M^  M4,  Gg  G4,  and  Gj  G3. 

Let  Ml  Ej  be  a  line  drawn  from  Mi  to  meet  C  Mg? 
produced  in  a  point  at  a  distance  equal  to  n  times  C  M^ 
from  C ;  and  let  Ej  be  the  point  where  this  line  cuts  C  Gi. 
Take  C  E^,  C  E3,  and  C  E4,  each  equal  to  C  Ej.  Join 
El  M2,  Mj  Eg,  E2  M3,  M3  Eg,  &c.  Through  Ej  and  E4 
draw  Di  Dj,  and  D4  D3,  parallel  to  Gi  Gg. 

Ml  El  Mg  Eg  &c.  E4,  is  the  octagonal  base  of  the 
prism  whose  symbol  is  1  «  00 .     To  draw  the  prism, 
draw  Gi  G4  (Fig.  214) ;  make  Gj  G4  equal  G^  G4  (Fijg.  210),  and  divide  it  similarly  in 
the  points  Dj  Mi  and  D4. 

Through  Gi  and  G4  draw  Gi  Gg,  and  G4  G3  (Fig.  214),  making  an  angle  of  about  30° 
with  G,  G4.  Take  G4  M^,  G3  Mg,  M^  G3,  and  M^  Gi,  equal  to  half  G4  M4,  G3  M^,  M4  Gg, 
and  M3  Gi  of  Fig.  210.  Through  D4  and  Dj  draw  D4  D„  and  Dj  Dj,  parallel  to 
GiG,. 

Take  Dj  Ep  Di  E^,  D4  E4,  and  D4  E3,  equal  to  half  Di  Ei,  Di  Ej,  D4  E4,  and  D4  E^ 
(Fig.  209).  Join  Mi  Ei,  Ei  Mj,  &c.  Then  Mi  Ei  &c.  M4  E4  (Figs.  214  and  209)  will 
be  a  perspective  representation  of  the  octagonal  base  of  the  prism. 

Through  Mi  draw  Mj  M5  (Fig.  209),  perpendicular  to  Mi  Ej,  and  of  any-  height. 
Through  Ei,  Mg,  E3,  M,,  &c.,  draw  Ei  Eg,  Mj  M,,  Eg  Eg,  M,  M,,  &c.,  parallel  and  equal 
to  Ml  Mg.  Join  Ej  Mg,  Mg  Eg,  &c.,  and  Fig.  209  will  be  the  representation  of  the 
octagonal  prism  in  isometrical  perspective. 

Position  of  the  poles  of  the  Faces  of  the  Octagonal  Prism  on  the  spltere  of  projection.^ 
The  poles  of  the  faces  of  the  octagonal  prism  always  lie  in  the  same  zone,  and  that 
zone  is  the  equator  of  the  sphere  of  projection ;  ^i  Cgj  &c->  c%  (Fig.  195)  represent  these 
poles,  each  situated  at  the  same  angular  distance  from  the  points  Mj,  Mg,  M3,  and  M4. 
The  angle  6,  given  above,  is  this  angular  distance,  and  is  the  longitude  of  the  pole 
reckoning  from  Mi. 

Forma  of  the  Octagonal  Prism^  parallel  to  which  faces  have  been  observed  in  nature, 
together  with  the  longitude  of  their  poles  on  the  sphere  of  projection. 

The  form  1  ^  00,  00  P  f  Naumann  ;  230  Miller ;  and  gi  Brooke  and  Levy,  whose 

longitude  is  33°  41',  occurs  in  crystals  of  Cassiterite,  Fergusonite,  EutUe,  and  Wulfenite. 

The  form  1  2  00,  00  P  2  Naumann ;  210  Miller ;  and  ^  Brooke  and  Levy,  longitude 


374 


THE  DOUBLE  EIGHT-PACED  FTRAMID. 


26^  34',  occurs  in  Apophyllite,  Guaitante,  Idocrase,  lEhoa^^aubOf  Bntiley  Smcolhe^  wti 
Sommcrvillite* 

The  form  1  3  oo,  oo  P  3  Xanmaim';  310  Miller ;  and  f^  Bnx^  and  Levy,  kngitedp 
18^  26'  occurs  in  Idocrase,  Entile,  Scapolita,  Towanite,  and  Wnliemte. 

The  form  1  4  od,  oo  P  4  Nanmann;  410  Miller ;  and  ^  JfooolEe  and  LeTj,  kngitade 
14''  2',  occurs  in  Entile. 

The  form  1  7  oo,  oo  P  7  Xaumann ;  710  Miller ;  and  ^'  Brooke  and  Lctt,  longitude  ' 
8^8',  occurs  in  Entile. 

To  deaeribe  a  Net  for  the  Octagonal  Frism. — ^Draw  two  irrcg^ilar  octagons,  equal  to 
Ml  E,  Mj  E4  (Fig.  210),  and  eight  rectangular  parallelograHiB,  each  equal  to  Mj  B,  E5  j 
^^5  (Fig.  209),  and  arrange  these  ten  figures  as  in  Fig.  211,  and  tlie  net  will  he  cot- 
structed. 


^ 

^r^ 

._/' 

J 

Fig.  211. 


Kg.  212. 


Setnihedral  Fot-vi  of  the  Octagonal  Prism. — The  same  figure  hfcing  constructed  (Fig. 
212)  as  in  Fig  210.  Produce  Mj  E^,  Mg  Eg,  M3  E3,  and  M4  E4  to  meet  in  Ng,  N,,  Ng, 
and  Nfi.    Also' produce  E4  Mj,  Ej  Mg,  Eg  M,,  and  E3  M4  to  meet  in  N„  Ng,  N,,  and  N4. 

Ni  Nj  Nj  N4  and  N,  N,  Ng  N5  will  he  two  squares,  which  will  ho  the  hases  of  the 
square  piisms  which  arc  the  positive  and  negative  hemihedral  forms  of  the  octagonal 
X)iisms  Hiith  pcurallcl  faces. 

This  hemihedral^form  has  heen  ohserved  in  crystals  of  Fergusonite  and  Wulfenite, 
derived  from'the  octagonal  prism  whose  symhol  is  1  ^  00 . 

Double  XSight-iaced  P3rzaiiiid. — ^The  douhle  eight-faced  pyramid,  or  pyramid 
on  an  octagonal  hase,  called  also  the  ditetragonal  pyramid,  is  a  solid  hounded  hy  sixteen 
faces,  each  face,  such  as  Pi  Ej'M^  (Fig.  213),  heing  a  scalene  triangle.  It  has  eight 
four-faced  solid  angles  Mj,  Ej,  M3,  &c.,  corresponding  to  the  angular  points  of  the  octsr 
gonal  hase  of  the 'pyramid;  and  two  eight-faced  solid  angles  V^  and  Pj,  forming  the 
i^^ccs  of  the  pyramids. 

It  has  cight'equal  edges,  such  as  Pi  Mj,  joining  the  eight-faced  s<Jid  angleg  with 
the  four-faced  solid  angles,  through  which  the  axes  pass ;  eight  other  equal  edges,  such 
as  Pi  El,  joining  the  douhle  eight-faced  solid  angles  to  the  other  four- faced  sohd 
angles ;  and  eight  more  equal  edges,  such  as  Mi  Ei,  joining  the  two  kinds  of  four- 
faced  solid  angles. 

Ax9s  mtd  Symbols.— The  axes  in  which  the  equal  parameleis  are  taken  join  flie 
four-fiftoed  solid  angles  M^  M«  and  M^  M4  (Fig.  214),  and  the  axis  in  which  the  uBequi 
parameterHs  taken  joins  the  points  Pj  md  P^ 
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Every  face  of  tliia  pyramid  cuts  one  of  the  axes,  sucli  as  Mj  M„  at  a  distance 
equal  to  the  arbitrary 
unit,  the  second  M,  M^ 
at  a  distance  n  times  that 
unit,  n  being  any  whole 
number  or  fraction 
greater  than  unity,  and 
the  third  axis  C  P^  at 
a  distance  m  times  that 
}^^  of  tiie  unequal  para- 
meter, m  being  any 
whole  number  or  frac- 
tion greater  or  less 
than  unity. 

The  symbol  which 
expresses  this  relation 
of   the    figure  to  the 
axes  of  the  pyramidal  system,  islmn  ;  Naumann's  symbol  iam'Pn;  Miller's  hkl;  and 

Brooke  and  Levy's  &*  ii  ffi' 

To  draw  the  Double  Eight-faced  Pi/ramid.—Hho  same  construction  being  made  for  the 
base  of  the  pyramid  (Fig,  210),  as  for  the  base  of  the  octagonal  prism  whose  symbol  is 
00  P  «,  this  base  is  to  be  drawn  in  perspective  (Fig.  214),  in  the  manner  in  which  the 
base  of  the  octagonal  prism  was  directed  to  be  drawn.  Through  C  draw  Pj  C  Pg  per- 
pendicular to  Mj  M4,  take  C  P^  and  C  Pj  equal  to  m  times  the  unequal  parameter. 

Join  Pj  Ml,  Pj  El,  Pi  £0,  Pi  Mg,  &c.,  Pg  Mi,  Pg  Ei,  &c.,  and  the  pyramid  will  be 
constructed. 

To  describe  a  Net  for  Hue  Double  Mffht-faced  Pyramid.— T^tk-w  C  N  (Fig.  215),  equal 
to  C  N  (Fig.  211),  and  C  P  perpendicular  to  C  N.  Make  C  P  equal  to  m  times  the  unequal 
parameter,  the  length  of  this  parameter  being  determined  by  ttic  method  given  in  page 
361,  Fig.  186.    JoinPN. 


rig.  215. 


Fisr.  216. 


Fig.  217. 


Then  Fig.  216.— Draw  NiNg  equal  Nj  N2  (Fig.  212),  and  take  in  it  the  points  Ej 
and  M2,  at  the  same  distances  from  Ni  and  N2  they  are  in  Fig.  212. 

On  Ki  N2  describe  an  isosceles  triangle,  P  N,  N„  having  its  sides,  P  N,  and'P  Nj, 
equal  to  P  N  (Fig.  215).    Join  P  Ei  and  P  M^. 

P  El  M2  will  be  the  scalene  triangle  which  will  be  a  fece  of  the  doubleeight-faced 
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pyramid,  and  sixteen  such  triangles,  arranged  as  in  Fig.  217,  will  form  the  required 
net. 

Inclination  of  the  Faees  of  the  Double  Eight-faced  Pyramid. — ^Let  a  be  the  angular 
element  for  the  substance  among  whose  crystals  faces  of  this  pyramid  occur,  given  in 
page  360.  e  the  inclination  of  adjacent  faces,  measuied  over  the  edges  P^  E^,  P^  Eg,  &c. 
(Figs.  212  and  213) ;  <p  over  the  edges  Ei  M^,  Ej  Mj,  &c.  j  and  «p  over  the  edges  Pi  M^, 
Pi  M^,  &c. 

Then  if  /3  be  such  an  angle  that  cot.  iS  =  n, 

cot.  ?  =z_  cot.  a  cos.  jS      COS.  -  =  sin.  *  cos.  (45°  +  B)    cos.  I  =  sin.  fl  sin.  i. 
2       m  2  2^^'^2  2 

Position  of  the  Poles  of  the  Faces  of  the  Double  Eight-faced  Pyramid  on  the  sphere  of 

projection.— ThQ  poles  of  the  faces  Ti  T2,  &c.,  Tg  (Fig.  213),  are  represented  on  the  map 

of  the  sphere  of  projection  (Fig.  195),  by  Ti  T^,  &c.,  Tg.     All  the  poles  of  the  upper 

faces  of  the  pyramid  occur  in  the  same  circle  of  latitude  in  the  northern  hemisphere  of 

the  sphere  of  projection,  reckoning  the  latitude  from  P^,  and  those  of  the  lower  faces 

of  the  pyramid  in  the  same  circle  of  south  latitude,  reckoning  from  Pg. 

The  angle  |  in  the  preceding  article  will  be  the  angle  of  latitude  for  the  faces  of 

the  pyramid ;  and  jS  will  be  the  longitude  of  Tj,  reckoning  the  longitude  from  P^Mi  as 
the  first  meridian  of  longitude. 

The  longitude  of  Tj  will  be  90°  —  iS,  of  T3  90°  +  iS,  of  T4  180°  —  jS,  east  of  Mj, 
while  the  longitude  of  Tg,  T7,  Tg,  and  T5  will  be  the  same  angles  west  of  Mj. 

Crystals  whose  Faces  occur  parallel  to  the  Double  Eight-faced  Pyramid^  together  with  their 
Latitude  and  Lmgitude  on  the  sphere  of  projection. 

The  form  1,  5,  -jft^ ;  -jft^  P  5  Naumann;  5,  1,  19  Miller;  and  d^  b\  g^  Brooke  and 
Levy. 

Anatase,      Lat  25°  SO*.    Lon.  11°  18. 

The  form  1,  3,  ^ ;  ^  P  3  Naumann ;  3,  1,  6  Miller ;   and  b^  b^  gi  Brooke  and  Levy. 
Towanite,    Lat.  2T  27'.    Lon.  18°  26'. 

The  form  1,  2, 1 ;  P  2  Naumann ;  2, 1,  2  Miller ;  and  b^  b^g^  Brooke  and  Levy. 
ScheeUte,     Lat.  dS''  bo.    Lon.  26°  34'. 

The  form  1,  3, 1 ;  P3  Naumann ;  3, 1,  3  Miller ;  and  b^  b^  g^  Brooke  and  Levy. 
Cassiterite,  Lat  35°  20'.     Lon.  18°  26'. 
Rutile  Lat.  34°  11'.    Lon.  18°  26'. 

SarcoUte,      Lat.  43°    5'    Lon.  18°  26r. 

The  form  1,  3,  f ;  f  P  3  Naumann;  3,  1,  2  Miller;  h^  b^  g^  Brooke  and  Levy. 

Idocrase,  Lat.  40°  41'.  Lon.  18°  26'. 
The  form  1,  2,  2  ;  2  P  2  Naumann ;  2,  1, 1  Miller ;  H^  b^  g^  Brooke  and  Levy. 

Idocrase,      Lat.  50°  7'.      Lon.  26°  34'. 

Phosgenite,  Lat  67°  36*.  Lon.  26°  34'. 
The  form  1,  f,  3 ;  3  P  ^  Naumann ;  3,  2,  1  Miller ;  b^  l^  g^  Brooke  and  Levy. 

Cassiterite,  Lat  67°  3o'.    Lon.  33°  41'. 

Fergusonite,  Lat  79°  17'.  Lon.  33°  41'. 

Rutile,         Lat  66°  42'.    Lon.  33°  41'. 
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The  form  1,  3,  3 ;  3  P  3  Naumann ;  3,  1,  1  Miller ;  b^  b^  g\  Brooke  and  Levy. 

Braunite,  Lat.  77°  13'.    Lon.  18°  26'. 

Idocrase,  Lat.  59°  25'.    Lon.  18°  26'. 

Sarcolite,  Lat.  70°  23'.    Lon.  18°  26'. 

Scapolite,  Lat.  54°  18'.    -Lon.  18°  26'. 

Scheelite,  Lat.  77°  58'.    Lon.  18°  26'. 

Zircon,  Lat.  63°  52'.  Lon.  18°  26'. 

The  form  1,  2,  4 ;  4  P  2  Naumann ;  4,  2,  1  Miller ;  b^  b^  g^  Brooke  and  Levy. 
Idocrase,        Lat.  67°  20'.    Lon.  26°  34'. 

The  form  1,  4,  4 ;  4  P  4  Naumann ;  4,  1,  1  Miller ;  b^  h^  g^  Brooke  and  Levy. 
Idocrase,       Lat.  65°  37'.    Lon.  14°  2'. 
Zircon,  Lat.  69"'  23'.     Lon.  14°  2'. 

The  form  1,  5,  5  ;  5  P  5  Naumann ;  5,  1,  1  Miller ;  b^  b^  g^  Brooke  and  Levy. 

Idocrase,       Lat.  69°  53'.     Lon.  11°  18'. 

Towanite,      Lat.  78°  44'.    Lon.  11°  18', 

Zircon,  Lat.  73°    0'.    Lon.  11°  18'. 

Hemihedral  Double  Fonx-laced  Pirramid.— If  we  represent  the  eight  upper 
faces  of  the  double  eight-faced  pyramid  (Fig.  213)  hy  the  symbols  Tj,  Tj,  T3,  T4,  T^,  Te, 


T7  and  Tg,  and  the  corresponding  lower  faces  by  T'j,  T^,  T'3,  T'^,  Tj,  T'g,  T'^,  and  Tg. 
Then  if  the  eight  faces  Ti,  Tj,  T3,  T'3,  T5,  T'5,  T,,  and  T',,  be  produced  till  they  meet, 
the  resulting  form  will  be  the  double  four-faced  pyramid  Pj  N5  Ng  Pj,  &c.  (Fig.  219).  If 
the  other  eight  faces  of  the  double  eight-faced  pyramid,  Tj,  T'g,  T4,  T'4,  Tg,  T'g,  Tg,  and  T'g 
be  produced  to  meet,  they  wiU  form  the  double  four-faced  pyramid.  P^  N^  Ng  Pg,  &c. 
(Fig.  218.) 

These  pyramids  are  equal  to  each  other  in  every  respect,  and  differ  only  in 
their  situation  with  regard  to  the  axes  of  the  pyramidal  system.  They  are  the  posi- 
tive and  negative  hemihedral forme  with  parallel  faces  of  the  double  eight-faced  pyramid. 

The  axis  in  which  the  imequal  parameters  are  taken  join  the  apices  P^  and  Pj  in 
both  pyramids.  ~  The  position  in  which  the  other  two  axes  cut  the  bases  of  these  pyra- 
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mids  will  be  seen  by  referring  to  Fig.  212,  wbero  the  lines  Nj  Ng,  Nj  N3,  N3  N4,  and 
N4  Ni,  forming  the  square  N^  No  N3  N4,  formed  by  producing  the  edges  Ej  Mj,  Eg  M3, 
E3  M4,  and  E4  Ml  of  the  base  of  the  double  eight-feujed  pyramid,  is  the  base  of  the  pyra- 
mid Fig.  218  ;  and  the  square  N5  N^  N7  Xg  formed  by  the  other  edges  of  the  base  of 
the  double  eight-faced  pyramid,  is  the  base  of  the  pyramid  Fig.  219. 

Ml  M3  and  Mg  M4  will  be  the  axes  in  both  pyramids. 

To  draw  the  Semihedrai  Double  Four-faced  Pyramids. — ^Draw  the  double  eight-faced 
pyramid  as  described  for  the  construction  of  Fig.  214.  Produce  Ej  Mj,  Ej  Mo,  E3  M4, 
and  E4  Ml  (Fig.  218),  to  meet  in  the  points  Ni  Nj  N3  and  N4.  J(Ma  P^  Ni*,  Pi  Ng,  &c., 
Pj  Ni,  Pg  No,  &c.,  and  Fig.; 21 8  will  be  constructed. 

Produce  Mi  Ej,  M^  Eg,  M3  E3  and  Mi  E4  to  meet  in  N5  Ng  N7  and  Ng,  and  join  these 
points  with  Pi  and  Pj,  and  Fig.  219  will  be  constructed. 

To  Comtrttet  a  Net  for  the  JEemihedrdl  Double  Four-faced  Pyramid. — ^The  isosceles 
•  triangle  P  Nj  No  (Fig.  216)  is  a  face  of  the  double  four-feced  pyramid  derived  fix)m 
the  double  eight-faced  pyramid  whose  face  is  P  Ej  Mj ;  and  eight  of  these  iriangles, 
arranged  as  in  Fig.  194,  will  form  the  required  net 

Faces  Parallel  to  the  Semihedral  Double  Four-faced  Pyramid  which  occur  in  Nature. 
In  Scheelite  from  the  pyramids  1,  2, 1,  and  1,  2, 3.    Saroolite  from  Hie  pyramid  ly  3, 1, 
and  Fergusonite  from  the  pyramid  1,  |,  3. 

Tetartoliedral  Form,— From  each  of  the  hemihedral  double  four-faced  pyra- 
mids, two  sphenoids  may  be  derived  by  the  development  of  half  their  faces,  just  as 
sphenoids  are  derived  from  the  other  double  four-faced  pyramids  of  the  pyramidal 
system.  These  sphenoids  would  consequently  be  formed  by  the  development  of  a 
fourth  of  the  faces  of  the  double  eight-faced  pyramids,,  and  are  therefore  called  tetar- 
tohedral  forms  of  that  solid.  It  is  doubtful  whether  any  of  these  forms  have  been 
observed  in  nature. 

P3rxa]nidal    Trapezohedzon.  —  The    pyramidal    trapezohedron^    also    called 
the    tetragonal    trapezohedron,    is    a   solid     (Fig.   220), 
P,  bounded  by  eight  faces,  each  of  which  is  an  irregular 

trapezium,  such  as  Pi  Li  Si  L3  (Fig.  220),  or  P  Li  SL. 
(Fig.  216).  It  has  two  four-faced  soUd  angles.  Pi  and  Pj, 
and  eight  more  four-faced  solid  angles  equal  to  one 
another  Li  Lo  L3  L4,  and  Si,  Sj,  S3,  S4.  It  has  eight 
edges  equal  to  P  Li  (Fig.  216)  four  equal  to  L,  Sj,  and 
four  equal  to  L3  Si. 

The  pyramidal  trapezohedron  is  a  hemihedral  form^ 
with  ineHned  faeea  of  the  double  eight-faced  pyraodd, 
and  is  formed  by  producing  the  eight  fiGMX«  Tj,  T^  T, 
T'4,  T5,  Tg,  T7  and  T'^,  to  meet  one  wiothflr.  A  waSia 
and  equal  trapezohedron  would  be  formed  by  prodncing 
the  faces  T^,  1^  T'g,  T4,  T^  Tg,  T,,  and  Tg  to  ms^ 

This  trapezohedron  may  also  be  regarded  as  formed  by 
the  combination  of  the  upper  half  of  a  positiYe  hemihe- 
dral four-faced  pyramid,  with  the  lower  half  of  its  oo^ 
responding  negative  hemihedral  four-faced  pyramid. 
To  Draw  the  Fyramidal  Trapezohedron. — ^Draw  the  base  of  the  double  ^ht-ftced 
pyramid  Mi  £„  M,  £^  &c.  (Fig.  214),  and  its  axis  P^  P^  (Fig.  221).     Produce  M,  £» 
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Mj  E^  &c.,  to  meet  in  N5  N«  N7  and  2^8,  as  in  Fig.  212 ;  and  Ej  M^,  Mj,  E,,  &C.,  to 
meet  in  Nj  Nj  N3  N4. 

Join  Ni,  Nj,  N3  and  N^  \ritli  Pj  and  N5,  Ke>  ^'7 
and  Ng  with  P^. 

Then  (Fig.  212)  join  C  Nj,  cutting  Mi  Ei  in  K. 
In  Fig.  215,  take  C  K  equal  to  C  K  (Fig.  212), 
and  through  K  draw  K  L  perpendicular  to  C  N, 
meeting  P  N  in  L. 

In  Fig.  221,  take  C  Hi  and  C  II3  in  Pj  P.,,  equal 
to  K  L  (Fig.  215). 

Through  Hi  draw  Lj  L3  parallel  to  Nj  N3,  meet- 
ing Pj  N^  and  Pi  N3  in  Li  and  L3,  and  L.^  L4  parallel 
to  N3  N4,  meeting  Pi  N^,  and  Pi  N4,  in  Lo  and  L4. 

Through  H2  ^^^  ^i  ^  parallel  to  Ng  Ng,  and 
S,  S4  parallel  to  N7  Na. 
"  Join  Li  Si  Lj,  Lj  S.  L3,  &o.,  as  in  Fig.  220,  and 
the  trapezohedron  will  he  constructed. 

To  Describe  a  Net  for  the  Pyramidd  Trapezohedron, — In  Fig.  216,  take  P  Li  and 

and  P  Lo  in  P  Ni  and  P  Ng*  ©qiial  to 
P  L,  Fig.  215. 

Join  Li  El  and  L2  M^,  and  produce 
these  lines  to  meet  in  S. 

P  Li  S  Lg  will  be  a  face  of  the 

trapezohcdi-on ;  and  eight  such  faces, 

arranged  as  in  Fig.  222,  will  form  the 

Fig.  222.  required  net 

Faces  parallel  to  the  Pyramidal  Trapezohedron  which  occur  in  Nature. — Faces  parallel 

to  the  pyramidal  trapezohedron  have  only  been  observed  in  crystals  of  ScapoHte, 

derived  from  the  double  eight-faced  pyramid  whose  symbol  is  133. 

Pyramidal  Scalenohecbron.  — The  pyramidal  acalenohedron,   also  called  the 
tetragonal  scalenohedron^   and  by  some  the  diplO' 
tetrahedron,  is   a  solid  bounded  by  eight   faces, 
each  of  which,  such  as  Pi  Kj  K3  (Fig.  223),  is  a 
scalene  triangle. 

This  is  a  liemihedral  form,  with  inclined  faces, 
of  the  double  eight-feu;ed  pyramid,  and  is  derived 
from  it  by  producing  the  faces  Tg,  Ti,  T^  T'3, 
T4,  Tg,  T'c  and  T,  (Fig.  213),  to  meet  ono  another. 
Aaother  scalenohedron,  equal  in  all  respects  to 
tliis  one,  but  differing  in  position,  will  be  formed 
by  producing  T„  T„  T^  T„  T^^,  T'^  T^  and  T,. 
One  of  these  may  be  called  the  positive  and  the 
other  the  negative  scalenohedron. 

This  form  has  two  four-faced  solid  angles 
Pi  and  P2,  equal  to  each  other ;  and  four  others, 
K,  £3  £3  and  K4,  equal  to  each  other.  1  Ig-  223. 

Ta  draw  the  Pyramidal  Scalenohedron, — 'Draw  the  base  of  the  douUe  eight-faced 
pyramid  Mi  Ej  M,,  &c.  (Fig.  224),  as  described  for  Fig.  214,  as  well  as  its  axis  Pi  Pfi. 
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Produce  M^  E^  and  Mg  Ej  to  meet  in  R^,  Mj  E4  and  M3  E,  to  meet  in  Eg,  also  M2  Ej 

M4  E4  to  meet  in*B„  and  M,  E,  and 
M4  E3  to  meet  in  R4. 

Join  Pj  Mj  and  produce  it  to  meet 
P2  R,  in  K,,  Pj  Mj  to  meet  Pi  Ri  in 
Kp  Pj  Mg  to  meet  Pg  R4  in  K4,  and 
P2  M4  to  meet  Pj  Rj  in  Kg. 

Join  Ki  Ka,  K4  K2,  Kj  Kg,  and 
Kg  Ki,  as  in  Fig.  223,  and  the  sca- 
lenohedron  will  be  constructed. 

To  describe  a  Net  for  the  Pyra- 
midal Scalenohedron. — Draw  a  line 
C  Pi  (Fig.  225),  perpendicnlar  to 
the  line  0  R,.  Take  C  Pi  equal  to 
C  P  (Fig.  215),  and  C  Mi  equal  CMi 
FiR.  224.  (Fig.  212).      Make  C  Rj  equal  m, 

times  C  Ml ;  I  mn  being  the  symbol  of  the  double  eight-faced  pyramid,  from  which 
the  scalenohedron  is  to  be  derived. 

In  C  Pi  take  G  M2  equal  C  Mi.     Join  P  Mj  and 
M2R2. 

InMjRatakeMgK, 
equalM2Ei(Fig.212). 
Join  Ml  K,. 

Produce  Pj  C  to  P^, 
and  make  C  Pj  equal  to 
C  Pi-  Join  P2  Rj,  and 
produce  Pi  Mj  to  meet 
P2  R,  in  K^. 

Then  Fig.  226.— 
Draw  the  Imo  Mj  Rg 
equal  to  Mj  Rj  (Fig. 
225),  and  on  this  as  a 
base  describe  the  tri- 
angle M3T  R3,  having  its  side  MgP  equal  Mi  Pi  (Fig.  225),  and  its  side  P  Rg  equal  to 

R2P2(Fig.225). 

In  M2  Rg  take  M^  E  equal  M^  K,  (Fig. 
225),  and'in  R3P,  RgKg  equal  to  R^  Kg  (Fig. 
225). 

Join  Kg  E,  and  produce  it  to  meet  P  Mj 
produced  in  K^    P  Ki  Kg  will  be  a  fiwe  of 
the  required  scalenohedron ;  and  eight  such 
faces,  arranged  as  in  Fig.  227,  will  form  the 
net  for  the  scalenohedron. 
Fig.  227. 
Faces  parallel  to  the  Pyramidal  Scalenohedron  which  occur  in  Nature. 
Faces  parallel  to  this  form  have  only  been  observed  in  crystals  of  Towanite  or 
pyramidal  copper  pyrites,  derived  from  the  two  double  eight-faced  pyramids  vhoee 
/  symbolB  are  1,  3,  ^,  and  1,  5,  5. 


Fig.  225. 


Fig.  226. 
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Fig.  238. 


Fig.  239. 
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Principal  combinations  of  the  Pyramided  System. — ^A  diligent  study  of  the  figures  of  I 
these  combinations,  as  already  given,  will  enable  us  to  read  most,  if  not  all,  of  the  more  | 
complex  combinations  of  this  system.  It  is  impossible,  consistently  with  the  limited  i 
space  of  an  elementary  work,  to  give  all  these  combinations ;  but  we  hope  those  we  / 
have  given  will  be  quite  sufficient  for  the  purposes  of  the  student. 

Fig.  228.  The  double  eight-faced  pyramid^  a  a  a,  &c.,  whoisc  symbol  is  1  n  m,  vith 
the  alternate  four-faced  angles  at  its  base  replaced  by  faces  b  b,  &G.f  of  the  four-faced 
pyramid  whose  symbol  is  11 «»'. 

Fig.  229.  The  double  eight-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  »«n,  with 
the  edges  of  its  base  replaced  by  faces  bb,  &e.,  of  the  octagonal  prism  whose  symbol  is 

1,«,    00. 

Fig.  230.  The  double  eight-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  n  m,  with 
the  alternate  four-faced  solid  angles  of  its  base  replaced  by  two  faces,  b  b,  &c.,  of  the 
octagonal  prism  whose  symbol  is  1,  n,  oo. 

Fig.  231 .  The  double  eight-faced  pyramid,  a  a  a,  &c.,who6e  symbol  is  1  n  m,  with  the 
alternate  four-faced  solid  angles  of  its  base  replaced  by  faces  h  b,  &c.,  of  the  square 
prism  whose  symbol  is  1  1  oo. 

Fig.  232.  The  double  eight-faced  pyramid,  a  a  a,  &c.,  with  its  eight-faced  solid 
angles  replaced  by  planes  P  P  of  the  basal  pinacoid  whose  symbol  is  oo  oo  1. 

Fig.  233.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  111,  with  the 
edges  at  its  base  replaced  by  faces  b  b,  &c.,  of  the  double  four-faced  pyramid  whose 
symbol  is  1 1  m. 

Fig.  234.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1 1 1,  with  its 
edges  replaced  by  feices  b  b,  &c.,  of  the  double  four-faced  pyramid  1  oo  1. 

Fig.  235.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  1 1,  with 
the  four-faced  angles  at  its  base  replaced  by  two  planes  of  the  octagonal  prism  L  n  oo. 

Fig.  236.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  1  1,  with 
the  edges  at  its  base  replaced  by  faces  b  b,  &c.,  of  the  square  prism  1  1  oo. 

Fig.  237.  The  double  four-faced  pyramid,  a  a  a,  &c.,  whose  symbol  is  1  1  1,  with 
the  four-faced  angles  at  its  base  replaced  by  faces  b  b,  &c.,  of  the  square  prism  1  oo  oo. 

Fig.  238.  The  square  prism,  a  a  a,  &c,  whose  symbol  is  1  oo  oo,  inclosed  by  faces 
bb,  &c.,  of  the  double  four-faced  pyramid  111. 

Fig.  239.  The  square  prism,  b  b  b,  &c.,  whose  symbol  is  1  1  oo,  with  its  edges 
replaced  by  planes  a  a,  kc,  of  the  octagonal  prism  1  n  oo,  and  inclosed  by  the  planes 
P,  P  of  the  basal  pinacoid. 

Fig.  240.  The  square  prism,  b  b  b,  &c.,  whose  symbol  is  1  1  oo,  with  its  edges 
replaced  by  planes  a  a,  &c.,  of  the  square  prism  1  oo  oo,  and  enclosed  hy  planes  P,  P  of 
the  basal  pinacoid. 

Fig.  241.  The  positive  sphenoid,  a  a,  &c.,  derived  from  the  doable  four-faced 
pyramid  1  1  1,  with  its  three-faced  solid  angles  replaced  by  planes  d  ^  &e ,  of  the 
negative  sphenoid  derived  from  the  same  pyramid. 

Fig.  242.  The  positive  sphenoid,  a  a,  &c,  with  its  three-faced  solid  angles  replaced 
by  faces  b  b.  Sec,  of  the  square  prism  1 1  oo. 

Fig.  243.  The  positive  sphenoid,  a  a,  &c.,  with  four  of  its  edges  replaced  by  faces 
b  b,  &c.,  of  the  square  prism  1  oo  oc. 

Fig.  244.  The  double  four-faced  pyramid,  a  a,  &c.,  whose  symbol  is  1  oo  1,  with 
,  four  of  its  edges  replaced  by  faces  b  b,  &c.,  of  the  sphenoid  derived  from  the  double  four- 
/  Jaer/i pyramid  1  1 «. 
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Fig.211. 


Fig.  242. 


¥if..243. 


Rg.  244. 


Fig.  240. 


Fig.  24C. 


Fig.  247. 


Fig.  248. 
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Fig.  245.  The  double  four-fticed  pyramid,  a  a,  &c.,  whose  symbol  is  1  oo  1,  with  the 
solid  angles  at  its  apices  replaced  by  faces  h  b,  &c.\  of  the  seaUnohedrofif  deriyed  from 
the  double  eigkt-faeed  pyramid  1  n  m. 

Fig.  246.  The  double  four-faced  pyramid,  a  a,  See.,  whose  symbol  is  1  oo  1,  the 
solid  angles  at  its  apices  replaced  by  flEu^es  b  b,  &c.,  of  the  sphenoid  derived  from  the 
double  four-faced  pyramid  1  1  to. 

Fig.  247.  A  complex  holohedral  combination  of  several  forms  of  the  pyramidal 
system  in  a  crystal  of  Idocrase  or  pyramidal  Oamet  described  by  Mohs. 

P,  planes  of  the  basal  pinaeoid  oo  oo  1. 

Square  prismsy  M  of  the  prism  1  oo  oo,  £{  of  the  prism  1  1  oo. 

Octagonal  prisms,  f  of  the  prism  1,  2,  oo  —  A  of  the  prism  1,  3,  oo. 

Double  four-faced  pyramids,  o  of  the  pyramid  1  oo  1  —  c  of  the  pyramid  1, 1, 1  —  i 
of  the  pyramid  1,  2, 1  —  r  of  the  pyramid  1, 4, 1. 

Double  eight-faced  pyramids,  z  of  the  pyramid  1,  2,  2  —  «  of  the  pyramid  1, 3, 3  — 
X  of  the  pyramid  1,  4,  4  —  e  of  the  pyramid  1,  2,  4  —  a  of  the  pyramid  1,  3,  |. 

Fig.  248.  A  complex  hemihedral  combination  of  forms  of  the  p3rramidal  system  in 
a  crystal  of  Towanite  or  Pyramidal  Copper  Pyrites,  described  by  Nanmann,  to  whose 
works  we  take  this  opportunity  of  expressing  our  great  obligation. 

p,  faces  of  the  positive  sphenoid  derived  from  the  four-faced  pyramid  111. 

p^,  faces  of  the  negative  sphenoid  derived  from  the  same  pyramid. 

h,  faces  of  the  scalenohedron  derived  from  the  double  eight-faced  pyramid  15  5. 

e,  tacea  of  Hie  four-faced  pyramid  I,  oo,  2,  and  m  those  of  the  square  prism  11  oo. 

THIRD  SYSTEM — AHOMBOHEDBAL. 

This  system  is  called  the  rhombohedral  when  its  forms  are  derived  frx>m  the  rhomboid; 
the  hexagonal  when  derived  from  the  regular  hexagonal  prism,  or  the  double  pyramid  on  a 
hexagonal  base.  It  has  also  been  called  the  monotrimetrieal  and  three-and-one  axial,  from 
thq  properties  of  its  axes. 

The  holohedral  forms  of  this  system  are,  two  kinds  of  right  prisms  on  a  regular 
hexagonal  base ;  two  orders  of  double  six-faced  pyramids  on  regular  hexagonal  bases ;  the 
double  twelve-faced  pyramid  ;  and  the  right  prism  on  a  twelve-sided  base. 

From  each  of  these,  by  producing  half  their  faces  to  meet  one  another,  hemihedral 
forms  are  derived. 

The  hemihedral  forms,  with  inclined  faces,  are  the  triangular  prism,  derived  from  the 
hexagonal  prism ;  the  double  three-faced  pyramid,  derived  from  the  double  six-faced 
pyramid;  the  double  six-faced  trapezohedron,  derived  frt>m  the  double  twelve-faced 
pyramid. 

The  hemihedral  forms,  with  parallel  faces,  are  the  hexagonal  prism,  derived  from  the 
twelve-fjEUjed  prism;  the  double  six-faeed  pyramid,  from,  the  double  twelve-faced 
pyramid ;  the  rhomboid,  from  the  double  six-faced  pyramid;  and  Ifhe  hexagonal  scaletuh 
hedron,  derived  from  the  double  twelve-faced  pyramid. 

The  tetartohedral  forms  are  the  triangular  -pnEm  from  the  twelve-fiiced  prism ;  the 
rhomboid,  double  three-faced  pyramid,  and  double  three-faced  trapezohedron,—^  deriyed 
frt)m  the  double  twelve-faced  pyramid. 

Some  of  these  forms  are  either  so  rare  or  so  doubtful,  that  we  shall  confine  our 
descriptions  to  the  different  kinds  of  prisms,  the  double  six-faced  pyramids,  the  rhom- 
boid, and  the  scalenohedron. 
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Alphdbetieal  List  of  Minerals  belonging  to  the  Rhombohedral  System,  together  with  the 
Angular  Elements  from  which  their  Typical  Form  and  Axes  may  be  derived. 


Alunite  (Alum  Stone) 

52°  45'. 

Ankerite 

43°  54'. 

Antimony 

56°  28'. 

Apatite  (Phosphate  of  Lime) 

55°  40'. 

Arsenic 

bT  61'. 

Biotito  (Mica)       . 

70°  00'. 

Bismuth 

66°  24'. 

Breithauptite  (Nickel  Antimonial) 

69°  47'. 

Breunnerite 

43°  8'. 

Brucite 

Unknown. 

Calamine              .... 

42°  57'. 

Calcite  (Carbonate  of  Lime) 

44°  37'. 

Chabasie 

50°  45'. 

Chalybite  (Carboniferous  Oxide  of  Iron) 

43°  23'. 

Chlorite 

66'    2'. 

Clintonite 

Unknown. 

Cinnabar  (Sulphuret  of  Mercury) 

69°  17'. 

Connellite  (Sulphate  Chloride  of  Copper] 

Unknown. 

Coquimbite 

43°  60'. 

Corundum            .... 

57**  34'. 

Covelline             .... 

Unknown. 

Cronstedtite        |.            ... 

Unknown. 

Davyne                .... 

50°  15'. 

Diallogite  (Carbonate  of  Manganese) 

43°.  29'. 

Dioptase 

50°  39'. 

Dolomite  (Bitter  Spar)     . 

43°  52'. 

Emerald 

44°  56'. 

Eudialyte 

67°  42'. 

Fluocerite  (Neutral  Fluate  of  Cerium) 

Unknown. 

Gmelenite 

Doubtful. 

Graphite 

Unknown. 

Greenockite  (Sulphuret  of  Cadmium) 

58°  47.' 

Hematite  (Specular  Iron) 

57'*  30'. 

Hydraiigillite        .... 

Unknown. 

Ice            ...           . 

Unknown. 

Hmenite 

57°  30'. 

Kupfemickel  (Copper  Nickel)      . 

58°  36'. 

Levyne     .            .            •            .            . 

43°  59', 

Magnesite  (Carbonate  of  Magnesia) 

43°  4', 

Mesitine               .... 

43°  14'. 

MiUerite  (Native  Nickel) 

20°  50'. 

Mimetite  (Arseniate  of  Lead)     . 

56°  19'. 

Molybdenite  (Sulphuret  of  Molybdena) 

Unknown. 

Nepheline 69**  I0\                  ^ 

^ 
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Nitratine  (Nitrate  of  Soda) 

43°  40'. 

Osmiridimn          ..... 

58*  2T. 

Parasite                ..... 

81°  20'. 

Phenakite             ..... 

37°  19'. 

Plattnerito           ..... 

Unknown. 

Polybasite            ...             ... 

70°  31'. 

Proustite  (Red  Silver;      .... 

42*  61'. 

Pyrargyrite  (Sulphuret  of  Silver  and  Antimony) 

42°  IS*. 

Pyromorphite  (Phosphate  of  Lead) 

db'^  49*. 

Pyrosmalite          ..... 

46°  42*. 

Pyrrhotino  (Magnetic  Iron  Pyrites) 

60°  7'. 

Quartz     ...... 

51°  4r. 

Eipidolite             ..... 

66°  2'. 

Biolite      ...... 

Unknown. 

Spartalito             ..... 

37°  W, 

f^tilpnomc'Iano      ..... 

Unknown. 

Susannite             ..... 

68'*  38*. 

Tamarite  (Arseniate  of  Copper) 

71°  16'. 

TeJltuium            ..... 

57°  36'. 

TeUurwismTith     ..... 

Unknown. 

Tetradymite 

74°  44'. 

Tourmaline          ..... 

27°  20'. 

Vanadinito  (Vanadiate  of  Lead) 

Unknown. 

Willemite             ..... 

30°  7'. 

Xanthoconc          ..... 

69°  30'. 

Hejuigonal  Prisms  of  the  Fint  and  Second  Order.— As  in  the  pyrami 
system,  the  tlvo  square  prisms  differ  only  in  size  and  position,  so  in  the  rhomboi 


Fig.25 


lyitem  the  hexagonal  prisms  differ  from  one  another  in  the  same  manner.  The  he 
gonaljpriam  i%  m  right  prism  standing  on  b  bass  wMdi  ia  a  i^gular  hciigon;  i 
hounded  therefore  by  oighl  faees,  six  of  whieh-^ench  m  B^  Bg  B,^  B,  (Fig.  249),  i 
A,  Afl  A^a  Af  (Fig.  250J— ara  rectaagokr  paraUebgratns  forming  the  gidt^  of 


AXES  OF  THE  RHOMBOHEDRAL  SYSTEM.  387 


prism ;  the  otbor  two  faces,  forming  the  top  and  bottom  of  the  prism,  are  regular 
hexagons. 

By  many  writers  the  sides  only  of  the  hexagonal  prism  are  considered  as  the  fisujes  ' 
of  the  hexagonal  prism ;  the  form  being  considered  an  opm  one.    The  two  hexagonal 
faces  which  inclose  it  are  then  called  basal  pinacoids. 

Axes  of  the  Hexagonal  Pxism,  and  of  the  Rhomboidal  Systeni*— 
Let  Pj  and  Pg  be  the  centres  of  the  hexagonal  faces  of  the  two  hexagonal  prisms 
(Figs.  249  and  250). 

Join  Pi  P3.    Bisect  Pi  Pg  in  C. 

Let  Mj,  Mg,  &c.,  Me,  be  the  centres  of  the  edges  Bi  B;,  Bo  Bg,  &c.,  Bg  Bjg,  of  the 
hexagonal  prism  of  the  first  order  (Fig.  249). 
Join  Ml  Mj,  M3  M3,  &c.,  Me  Mj. 
Bisect  Mo  Mi,  Mi  M,,  Mg  M3,  &c.,  by  Gj,  G.,  G3,  &c. 
Join  Gi  G4,  Gj  G5,  and  G3  Gg,  cutting  one  another  in  C. 

Let  Gi,  G2,  &c..  Go,  bo  the  centres  of  the  edges  of  the  hexagonal  prism  of  the  second 
order  (Fig.  250). 

Join  Gi  G4,  Gj  G5,  and  G3  Gc,  cutting  one  another  in  C. 

Then  in  the  case  of  both  prisms.  Pi  Pg,  Gj  G4,  Go  Gg,  and  G3  Gq  will  be  the  axes  of 
the  prisms,  and  of  the  rhomboidal  system. 

It  follows,  therefore,  that  in  this  system  there  are  four  axes,  three  of  which  lie 
ia  the  same  plane,  and  are  inclined  to  each  other  at  an  angle  of  60° ;  and  the  third 
passes  through  their  intersection,  and  is  perpendicular  to  their  plane.  C  Gj  C  Gg  C  G3, 
are  the  three  equal  parameters  of  this  system,  and  a  fourth  unequal  parameter  is 
taken  in  the  axis  C  Pi.  The  forms  of  the  rhomboidal  system  arc  derived  firom  these 
axes  by  most  of  the  continental  crystallographcrs ;  but  Professor  Miller  refers  them 
to  three  equal  axes  derived  firom  a  particular  rhomboid  for  each  substance,  in  the 
following  manner. 

Let  Pi  El  Rj,  &c.,  P2,  (Fig.  251),  be  a  particular 
rhomboid   (»'.   e.,  a  figure  bounded  by  six  equal  ^.,'-<ti>>^ 

rhombs),  chosen,  for  each  substance  which  crystal-  ^^  ^^^-""""^1/1 1  x^^"*""^  n. 
lizes  in  this  system,  as  its  typical  form.  Join  the 
opposite  angles  of  every  face.  Let  Hi  be  the  point 
where  Pi  Ri  meets  Rj  ^e  *»  Hi  is  the  centre  of  the 
face  Pi  Ri  R2  Rfi.  Let  Hj,  H3,  H4,  Hg  and  H.,  bo 
the  centres  of  the  other  faces  of  the  rhomboid 
found  in  a  similar  manner.  ^^""^I;^"'''''''''^ 

Join  Hi  H4,  Hj  Hg,  and  H3  Hg,  the  centres  of  V^ 

the  opposite  faces  of  the  rhomboid,  cutting  each  ^ig,  251. 

other  in  the  point  C. 

Hi  H4,  H3  Hg,  and  Ho  Hg,  will  be  the  three  equal  axes  of  Professor  Miller,  and 
CHi,  C  Hg,  and  C  H3,  the  three  equal  parameters. 
!        Professor  Miller  refers  the  forms  of  the  rhomboidal  system  to  these  three  axes, 

(equally  inclined  to  one  another,  and  with  equal  parameters.  The  inclination  of  these 
axes,  and  the  length  of  the  equal  parameters,  will  differ  for  each  particular  substance, 
I  and  depend  upon  its  angular  element.  In  the  previous  system  of  four  axes,  the  incli- 
nation of  the  axes  are  lie  same  for  every  substance ;  but  the  length  of  the  unequal 
parameter  will  depend  upon  the  angular  element  for  each  substance. 

Both  systems  have  their  advantages.    Professor  Miller's  is  more  consistent  with 
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the  method  adopted  in  other  systems,  as  all  of  them  are  referred  to  three  axes,  and  his 
formulas  also  possess  the  advantage  of  being  readily  translated  into  those  of  Hauy, 
and  the  modifications  of  his  system  by  Brooke  and  Levy.  The  system  of  four  axes, 
however,  by  its  formulae,  gives  a  clearer  view  of  the  relations  of  the  various  forms  to  each 
other ;  and  the  axis  in  which  the  unequal  parameter  is  taken  is  one  of  considerable 
importance,  being  the  optic  axis,  in  the  case  of  every  transparent  substance  crystallizing 
in  the  forms  of  the  rhomboidal  system.  For  these  reasons  we  shall  adopt  the  system 
of  four  axes,  translating  its  formulse  into  those  of  Professor  Miller. 

Parameters.— Take  any  arbitrary  line  C  G^  (Fig.  252)  as  the  length  of  the  three 

equal  parameters.  With 
C  as  a  centre,  and  0  61  as 
radius,  describe  the  circle 
G1G2G3. 

Take  chords  Gfi^,  G^  G3, 
&c.,  Gg  Gi,  each  equal  to 
CGi.  JoinCG2,CG3,&c., 
C  Gg.  Gi  G3  63,  &c.,  Gg, 
will  be  a  regular  hexagon 
inscribed  in  £he  circle 
Gj  G2  G3. 

GiG4,  GoGj,  andGjGe, 
will  be  three  axes  which 


Fig.  252. 


Fig.  253. 

lie  in  the  same  plane ;  C  G^,  C  Gj,  C  G3,  the  three  equal  parameters. 

To  determine  the  fourth  parameter  which  lies  in  the  axis  passing  through  C  per- 
pendicular to  this  plane,  draw  C  H  perpendicular  to  G^  Gj.  Then  (Fig.  253)  take  CH 
equal  CH  (Fig.  252),  and  draw  C  P,  making  an  angle  P  C  H,  equal  to  the  angle  given  as 
the  angular  element  for  the  particular  substance  whose  parameters  are  to  be  obtained. 

Through  H  draw  H  P  perpendicular  to  C  H,  and  meeting  C  P  in  P,  H  P  will  be  the 
length  of  the  fourth  parameter. 

To  Draw  the  two  Hexagonal  Prisms. — ^Through  each  of  the  points  Gj  Gj,  &c.,  Gj 
(Fig.  252),  draw  Mg  M^,  Mi  Mg,  &c.,  Mj  Mg,  perpendicular  to  C  G^,  C  Gj,  &c.,  C  G& 
meeting  each  other  in  the  points  M^  Mg,  &c.,  Mg.  M^  Mj  and  Mg  is  a  reg^ular  hexagon 
circumscribing  the  circle  G^  Gj  G3. 

M^  Mo,  &c.,  Mg,  is  the  hexagonal  base  of  the  hexagonal  prism  of  the  Jirst  ordet' 
Gj  G,,  &c.,  Gg*  that  of  the  hexagonal  prism  of  the  second  order. 

Through  M^  and  M4  draw  D^  Dj  and  D4  D3  parallel  to  Gg  G3,  meeting  M5  Mg  and 
M3  Mo  produced  in  the  points  D^  D^  Dj  and  D3. 

Join  G..  G4  and  G^  G5,  and  produce  both  ways  to  meet  D^  D3  in  Eg  and  E^  and 
1)3  D4  in  E3  and  E4. 

Then  for  the  hexagonal  priwi  of  the  Jirst  order  (Fig.  249)  draw  Di  D4  equal  D^  D4 
(Fig.  252),  and  D^  D3,  making  an  angle  of  about  30"*  with  'D^  D^.  Draw  Dj  D3 
parallel  to  D^  D3. 

In  Di  D4  (Fig.  249)  take  D^  Mg,  Dj  Gg,  and  D^  M5,  equal  to  D^  Mg,  D^  Gg,  and 
Di  M3  (Fig.  252) ;  also  in  D^  D.,  take  D^  Ei,  D^  M^,  Di  E.^  D^  B^  (Fig.  249),  each 
equal  the  half  of  D^  E^,  D^  Mj,  B^  £3,  and  D,  D3  (Fig.  252). 

Take  D4  E4,  D4  M4,  D4  Ej,  D,  D3  (Fig.  249),  each  equal  to  B^  Ei,  Dj  Mj,  D^  Ej, 
and  Dj  Dj  of  the  same  figure.  Join  D3  D3,  and  make  D^  Mo,  Dj  G3,  D3  M3,  each  equal 
to  l\  Mg,  Dj  Gg,  D,  M,. 
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Join  Ml  M„  Ml  Mg,  M3  M4,  and  M4  Mg,  also  Ei  E4,  cutting  Mj  Mg  in  Gj,  and  M^  M3 
in  G5,  likewise  join  E|  E,,  cutting  M4  M3  in  G4,  and  M^  Mj  in  Gj. 

Join  Gi  G4,  G2  Gg,  and  G3  G^,  intersecting  in  the  point  C. 

Through  Mg  draw  Mg  Bg  perpendicular  to  Mg  Mg.  Take  Mg  Bg  of  any  convenient 
length.    Produce  Bg  Mg  to  B^^  make  Mg  B^j  equal  to  Mg  Bg. 

Through  Mj  Mg,  &c.,  Mg,  draw  Bi  B7,  Bj  Bg,  &c.,  Bg  B^,  each  parallel  to  Bg  B^o, 
and  take  M^  B^,  Mj  B7,  &c.,  each  equal  to  Mg  Bg. 

Join  Bi  Bg,  Bg  B3,  &o.,  Bg  B^,  and  B7  Bg,  Bg  Bg,  &c.,  B^g  B7. 

And  the  hexagonal  prism  of  the  first  order  will  he  constructed. 

Through  C  draw  Pj  Pg  parallel  to  B^  B7 ;  take  C  P^  and  C  Pg  equal  to  Mi  Bj.  Then 
?!  P,,  Gi  G4,  Gg  Gg,  and  G3  Gg,  are  the  four  axes  of  this  prism. 

To  draw  the  hexagonal  prism  of  the  second  order,  let  P,  Pg,  Gj  Gg  G3,  &c.,  Gg  (Fig. 
250),  he  determined  in  the  same  manner  as  in  Fig.  249. 

Through  Gi  Gg,  &c.,  Ge,  draw  Aj  A7,  Aj  Ag,  &c.,  Ag  Ajg,  parallel  to  Pi  Pg,  and 
Gi  Ai,  Gi  Ag,  Gg  Ag,  &c.,  each  equal  to  C  Pj. 

Join  Ai  Ag,  A^  A3,  &c.,  and  A7  Ag,  Ag  A9,  &c.,  and  the  hexagonal  prism  of  the 
second  order  will  he  described. 

Pi  Pg,  Gj  G4,  Gg  Gg,  and  G3  Gg,  are  the  four  axes  of  this  prism. 

Symbols. — ^Each  face  of  the  hexagonal  prism  of  the  first  order  cuts  one  of  the  axes 
m  which  the  equal  parameters  are  taken  at  distances  equal  to  that  parameter,  and  the 
two  adjacent  axes  in  the  same  plane  at  distances  equal  to  twice  the  equal  parameter, 
and  is  parallel  to  the  axes  in  which  the  fourth  unequal  parameter  is  taken. 

Thus  the  face  Bi  B7  Big.  Bg  (Fig.  249),  if  produced,  would  cut  the  axis  C  Gi  in  Gi, 
the  axes  C  Gg,  and  C  Gg  produced  in  points  at  a  distance  equal  to  twice  C  Gj  from  C ;  it 
i9  also  parallel  tp  C  P^. 

The  symbol  which  represents  these  relations  to  the  axes  is  1,  2,  00 . 

Naumann's  symbol  is  00  P  2,  Miller's  oil,  Brooke  and  Levy's  modification  of 
Haiiy  c^,  or  g^^  according  as  the  rhomboid  or  hexagonal  prism  is  taken  for  the  primi- 
tive. 

Each  face  of  the  hexagonal  prism  of  the  second  order  cuts  two  adjacent  axes, 
in  which  the  equal  parameters  are  taken,  at  distances  from  the  centre,  equal  to  the 
equal  parameter,  and  is  parallel  to  the  axis  in  which  the  unequal  parameter  is  taken. 

Thus  (Fig.  260)  the  face  of  the  prism,  Ai  Aj  Ag  A7,  cuts  the  axes  C  Gi  and  C  Gg  in 
the  points  Gj  and  Gg,  C  Gi  and  C  G,  being  both  equal  to  the  equal  parameter,  and  is 
parallel  to  the  axis  CPj. 

The  symbol  which  represents  these  relations  to  the  axes  is  1  1  00,  Naumann's 
symbol  is  00  P,  Miller's,  2  11,  Brooke  and  Levy's,  c-  or  m,  according  as  the  rhomboid 
or  hexagonal  prism  is  taken  for  the  primitive. 

The  basal  pinaeoidsj  which  inclose  the  prisms  of  both  orders,  are  perpendicular  to 
the  axis  C  P,  and  parallel  to  the  other  axes ;  their  symbol,  therefore,  is  00  00  1. 

Naumann's  symbol  is  0  P,  Miller's,  111,  Brooke  and  Levy's  a^  or  p,  according  as 
the  rhomboid  or  hexagonal  prism  is  taken  for  the  primitive. 

To  describe  a  Net  for  the  Hexagonal  Prisms. — ^The  regular  hexagon  Mj  Mg,  &c.,  M^  (Fig. 
252),  will  form  the  top  and  bottom  of  the  hexagonal  prism  of  the  first  order,  the  hexagon 
61  Gg,  &c.,  Ge,  those  of  the  hexagonal  prism  of  the  second  order.  Draw  a  rectangular 
parallelogram,  having  two  of  its  opposite  sides  equal  to  the  side  of  the  regular  hexagon, 
aad  the  other  two  equal  sides  of  any  convenient  length.     Arrange  two  equal  regular 
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hexagons,  and  six  equal  parallelograms,  as  in  Fig.  253,  and  the  net  will  be  consta 


Fig.  254. 

The  hexagons  being  taken  equal  to  M^  Mo,  &c.,  M^,  for  the  prism  of  the  first 
and  to  G|  G^,  &e.,  G,,  for  that  of  the  second  order. 


MineraU  whose  crystala  present  faces  parallel  to  the  Itexagonal  prism  of  the  first 
whose  symbol  is  1  2  oo,  2fam»ann  oo  F  2,  Miller  Oil,  and  Brooke  and  Levy  cP 


AntinKmy. 

Apatite. 

BioUte. 

Breithanptlte. 

Bradte. 

CSalunine. 

Galdte. 


Chalybite. 
Oannellite. 
Coqnimbtte. 
Conukdniii. 


Coyelline. 

Darrne. 

Diallogite. 

Dioptase. 

Dolomite. 

Emerald. 

Endialyte. 

flnooerite. 

Gmelinite. 

Greenockitc. 

Hematite. 

Hydrargillite. 


Ice. 

Hmenite. 

KupfernickeL 

MiUerite. 

Mimetite. 

Molybdenite. 

Nepheline. 

Oamiridiam. 

Pbenakite. 

Plattnerite. 

Polybaaite. 

Proostite. 


Pyrargyritc. 

Pyromorphite. 

Pyrosmalite. 

Pyrrhotine. 

Qnartz. 

Bipidolite. 

SpartaHte. 

Tourmaline. 

Tanadinite. 

Willemite. 


Minerals  whose  crystals  cleave  parallel  to  this  form,  those  printed  in  italics  indicatini 
the  deavage  is  easy  and  perfect : — 


Apatite, 
incite. 


Calcite. 

Oreenoekite. 

Emerald. 

Nepheline. 

Endialyte. 

Pbenakite. 

Pyrosmalite. 

JSpartaiite, 


Minerals  whose  crystals  present  faces  parallel  to  the  hexagonal  prism  of  the  second 
whose  symhol  is  1  1  oo ,  Xaumatm  oo  P,  Miller  2  f  1,  Brooke  and  Levy  ^  :— 


Apatite. 

OiJeite. 

Cbalybite. 

Cuuwbar. 

Connellite. 

Goqidmbite. 


Endiahte. 

Orapbtte. 

GieoMokite. 

Hematite, 

Hydrargillite. 


Oonatedtite. 
Dmyjne. 


Meslftuie. 
MiUerite. 


Mimetite. 

Molybdenite. 

Kepbeline. 

Pbenakite. 

Proostite. 

Pyargyrite. 

Pjrromorpbite. 

Pyrrbotine. 

Qoartz. 


Eipidolite. 

Sosannite. 

Tamarite. 

Tellnriom. 

Tellorwiaaiatl] 

ToormaUne. 

Willemite. 
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CUavagea  paraUel  to  tlie  prism  of  the  second  order  occur  in — 

Cronstedtite.  Quartz.  Willemite. 

Pyrrhotine. 


Calcite. 
Cinnabar. 


Quartz. 
Telluritim, 


Minerals  whose  crystals  present  faees  parallel 
Nauniann  o  F,  Miller  111, 


to  the  basal  pinacoids,  symbol  oo   co 
Brooke  and  Levy  a^ : — 


Ahmite. 

Ankerite. 

Antimony. 

Apatite. 

Arsenic. 

Biotite. 

Bismuth. 

Breithauptite. 

Brucite. 

Calamine. 

Calcite. 

Chabasie. 

Chalybite. 

Clintonite. 

Chlorite. 

Cinnabar. 


Coquimhite. 

Corundum. 

Cronstedtite. 

Covelline. 

Davyne. 

Diallogite. 

Dolomite. 

Emerald. 

Endialyte. 

Fluoceritc. 

Gmelinite. 

Graphite. 

Greenockite. 

Hematite. 

Hydrargillite. 

loe. 


Ilmenite. 

Knpfemickel. 

Levvne. 

Mentine. 

Ailmetite. 

Molybdenite. 

Nepheline. 

Osmiridium. 

Parasite. 

Plattnerite. 

Polybasite. 

Proustite. 

Pyrargyrite. 

Pyromorphite. 

PyrosmAlite. 

Pyrrhotine. 


Quartz. 

Eipidolite. 

Spartalite. 

Stilpnomelane. 

Susannite. 

Tamarite. 

Tellurium. 

Tellurwismuth. 

Tetradymite. 

Tournutline. 

Yanadinite. 

"WUlemite. 

Xanthoooae. 


Cleavages  parallel  to  the  basal  pinacoids  occur  in  the  following  minerals : — 


Alunite. 

Antimony, 

Apatite. 

j^senic. 

BiotUe. 

Bismuth. 

Brucite. 

Calcite. 

CUntonite. 

Chlorite. 


Corundum. 

Cronstedtite, 

Covelline, 

Emerald. 

Endialyte. 

Graphite. 

Greenockite. 

Hematite. 

HydrargUlite, 

Ice. 


Hmenite. 

Nepheline. 

Osmiridium. 

Parasite, 

Polybasite. 

PyrosmaUte. 

J^rrhotine. 

ItipidoHte. 

Spartalite. 

Stilpnomelane. 


Susannite. 

Tamarite. 

Tellurium. 

Tellurwibmuth. 

Tetradymite, 

Willemite. 

Xanthocone. 


Position  of  tlie  poles  of  the  hexagonal  prisms  and  basal  pinacoid  on  the  sphere  of  pro- 
f'eetion  of  the  rhomboidal 
«y*fc»».— With  C  as  cen- 
tre, and  any  convenient 
ladius  C  Ml  describe  the 
circle  Mj  M3  M4. 

Let  MjMi  andGgGg 
be  any  two  diameters  at 
right  angles  to  each 
other. 

Take  arcs  Mi  Gi, 
a.Mg,  G2M3,  and  M4  G3, 
each  equal  to  30**. 

Through  Gi,  Mg,  Ms 
and  G3,  draw  the  dia- 
meters Gi  G4,  M2  M5, 
M3  Mfi,  and  G3  Gq, 

Then  C  will  represent 
the  norfli  pole  of  the 
sphere  of  projection,  and 
the  circle  Mi  Gi  M4  its 
equator. 


Fig.  255. 


A 
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C  will  represent  the  pole  of  the  upper  basal  pinacoid,  Gj  G^*  ^^-  ^69  ^^  poles  of  the 
hexagonal  prism  of  the  first  order,  Mj  Mj,  &c.,  M^,  the  poles  of  the  Juxcigonal  prism  of  ike 
second  order,  G^  C  G4,  Gj  C  Gg,  and  G3  C  G«,  the  zones  in  which  the  poles  of  the  s/ix-faced 
pyramids  of  the  first  order  lie,  and  M.^  C  M4,  Kj  C  M5,  and  M3  C  M,,  the  zones  in  which 
the  poles  of  the  six-faced  pyramids  of  the  second  order  lie. 

One  pole  of  the  twelve-faced  prism  will  lie  in  each  of  the  arcs  M  G,  and  one  pole  of 
the  double  twelve-faced  pyramid  in  each  compartment  of  the  sphere  bounded  hj  the  arcs 
CM,  MG,  andGC. 

Double  Six-Faced  Fyzamid  of  the  First  Order. —  The  double  six-faced 
pyramid  consists  of  two  pyramids  joined  together,  one  on  each  side  of  a  regular  hexa- 
gonal base.  It  is  bounded  by  twelve  tri- 
angular fiices,  such  as  Pj  M|  M^  (Fig.  266), 
each  face  being  an  isosceles  triangle.  It  has 
six  four-faced  solid  angles,  Mj  Mj,  &c.,  Mg, 
and  two  six-faced  solid  angles,  Pj  and  Pj. 

There  are  six  equal  edges,  Mj  M^,  &c., 
which  are  the  sides  of  the  common  hexagonal 
base,  and  twelve  other  edges,  Pj  M^,  Pj  Mj, 
&c.,  equal  to  each  other,  but  unequal  to  the 
former,  which  form  the  sides  of  the  isosceles 
triangles.  The  hexagonal  base  of  this  pyra- 
mid is  the  hexagon  circumscribing  the  circle 
described  with  one  of  the  equal  parameters  for  its  radius. 

To  Draw  the  Double  Six-faced  Pyramid  of  the  First  Order. — Prick  off  the  points 
Ml,  Mj,  &c.,  Mg,  Gi,  G2,  &c.,  Gg,  Pj,  P2,  and  C,  from  Fig.  249. 

Join  Ml  M2,  M2  M3,  &c.,  M«  Ml,  G|  G4,  G^  Gj,  &c.,  and  Pj  Pj. 

Take  C  Pi  and  C  P^,  equal  H  P  (Fig.  253),  the  unequal  parameter. 

Join  Pi  Ml,  Pi  Mg,  &c.,  P3  Ml,  Pg  Mg,  &c.,  and  the  pyramid  will  be  constructed. 

Axes. — The  axes  Gi  Ci,  Gg  C,,  and  G3  C,  in  which  the  equal  parameters  lie,  join 
the  centres  of  the  opposite  edges  of  the  hexagonal  base  of  the  pyramid ;  while  the 
fourth  axis.  Pi  Pg,  along  which  the  unequal  parameter  is  measured,  joins  the  opposite 
apices  of  the  pyramids. 

Symbols.— EsLch.  face  of  the  pyramid  would,  if  produced,  cut  one  of  the  axes  in  which 
the  equal  parameters  are  taken  at  the  extremity  of  the  parameter,  the  neighbouring 
axis  in  the  hexagonal  base  at  a  distance  from  its  centre  twice  that  of  the  equal  para- 
meter, and  the  fourth  axis  perpendicular  to  the  base  at  the  extremity  of  the  imeqoal 
parameter.  Thus  the  face  Pi  Mi  Mg,  if  produced,  cuts  the  axis  C  Gi  at  Gj,  G  G«  at  a 
distance  from  C  equal  twice  C  G„  and  C  Pi  at  Pi. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1,  2,  1.  Namnann's  symhol 
for  this  form  is  P  2,  or  R  *> ,  Miller's  5,  2,  T,  Brooke  and  Levy's  rfi  rfi  b\  if  the  rhom- 
boid, and  a^  if  the  hexagonal  prism  be  taken  as  the  primitive  form. 

Inclination  of  the  Faces. — Let  <p  be  the  angle  of  inclination  of  the  faces  measured 
over  the  edges  Mi  Mj,  Mj  Mj,  &c. ;  0  their  inclination  over  the  edges  Pj  M„  Pi  Mj, 
&c. ;  a  the  angular  element ;  and  \  the  latitude  of  the  faces  measured  from  the 
pole  C  (Fig.  255),  or  the  angle  between  the  axis  Pi  Pg,  and  the  normals  of  the 
faces. 
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Then  tan.  \  =  cos.  30"  tan.  a      cos.  -=:  sin.  30°  sin  A.     and  ^  =z  2  X. 

Position  of  the  Poles  on  the  Sphere  of  Projection, — The  meridians  of  longitude  in 
which  the  poles  of  this  pyramid  lie,  will  he  those  of  30°,  90°,  and  150°,  on  hoth  sides 
of  Mj  C  M4 ;  or  four  poles  will  lie  in  each  zone  Gi  C  G4,  Gg  C  G5,  and  G3  C  G^.  Six 
poles  will  lie  in  the  circle  of  latitude  A.°  north,  and  six  in  the  same  parallel  of  south 
latitude. 

Crystals  whose  Faces  occur  parallel  to  the  Double  Six-faced  Pyramid  of  the  first  order, 
with  the  Latitude  of  their  Poles  on  the  spJiere  of  projection. 

Apatite  ....        61°  44'. 

Breithauptite  .  .  .56°    5.' 

Emerald        ....        40°  50'. 

Quartz  .  .  .        47°  43'. 

Double  8ix-&ced  P3nra]nid8  derived  from  the  'ByrajoadA.  of  the  First 

Order. — From  the  preceding  pyramid  others  may  he  derived,  hy  retaining  the  same 

base,  and  joining  its  angular  points  with  points  equidistant  from  C  in  ^e  line  P^  Pg, 

or  Pj  Pg  produced.    Let  Qj  and  Qj  he  these  points.     C  Qi  and  C  Qj  are  always  some 

multiple  m  of  the  line  C  P.    m  may  he  any  whole  number  or  fraction. 

When  m  is  less  than  unity,  or  a  proper  fraction.  Fig.  267  represents  the  pyramid 
which  is  more  obtuse  than  Fig.  266,  from  which  it  is  derived. 

When  m  is  greater  than  unity,  Fig.  268  represents  the  pyramid  which  in  this  case 
is  more  acute  than  Fig.  266,  from  which  it  is  derived. 

Symbols, — ^Each  face  of  this  pyramid  would,  if  produced,  cut  one  of  the  axes  in 
which  the  equal  parameters  are  taken  at  the  extremity  of  the  parameter ;  the  neigh- 


Fig.  257. 


bouring  axis  in  the  hexagonal  base,  at  a  distance  from  its  centre  bemg  twice  that  of 
the  equal  parameter,  and  the  fourth  axis  perpendicular  to  the  plane  of  the  base  of  the 
pyramid,  at  a  distance  from  the  centre  equal  to  m  times  the  unequal  parameter. 

When  m  becomes  infinitely  great,  the  pyramid  becomes  the  prism  of  the  first  order. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1,  2,  m.  Naumann's  symbol 
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for  these  pyramids  is  m  P  2,  or  m  E  °° ;  Miller's  hy  k,  I;  and  Brooke  and  Levy's  modifi- 

g 
cation  of  Haiiy  a"*^  if  the  hexagonal  prism  bo  taken  as  the  primitiYe  form.    Their 
symbol,  if  the  rhomboid  be  taken  as  the  primitiYe  Ibmny  will  be  giyen  under  eaeh 
perticalar  fonn. 

Jnelination  of  the  Faces. — ^If  A.  be  the  angle  of  latitude  of  the  faces,  0  their  indinatioii 
over  the  edges  Q^  Mi,  Qg  M>,'&c.,  ^  over  the  edges  M^  M,,  Mj  M3,  &c.,  a  the  angular 
element  for  the  substance, 

Then  tan.  A.  =  m  cos.  30°  tan.  a, 

Q 

cos.  -  •=.  sin.  30°  sin.  X,  and  A  =  2  X. 
2 

Position  of  the  Poles  of'Jhis  Form  on  the  Sphere  of  Projection. — The  poles  of  these 
pyramids  always  lie  in  the  same  zones  as  the  pyramid  of 
the  first  order  from  which  they  are  derived ;  six  being  in 
the  circle  of  latitude  \°  north,  and  six  in  the  same  latitude 
south. 

To  describe  the  net  for  these  Pyramids.-- 
Rfir.  2U9.  Dra^  C  Mj  and  C  P  (Fig.  269)  perpendi- 

cular to  each  other.  Take  C  Mj  equal  to  C  Mj  (Fig.  252),  C  P 
equal  C  Pj  (Fig.  256),  or  C  Q^  (Figs.  257  and  258). 
Join  P  Ml. 

Then   Fig.  260.— Draw  IMj  M,  equal  Mi  Mg 
(Fig.  252).     On  Mj  M2  describe  the  isosceles  tri- 
angle P  Mj  M2,  having  its  sides  P  M^  and  P  Ms 
equal  P  Mi  (Fig.  259). 
Fig.  261.  p  ]^^  -^^  -^iii  "be  a  face  of  the  pyramid,  and  twelve  such  faces, 

arranged  as  in  Fig.  261,  will  form  the  required  net. 

Forms  of  the  Double  Six-faced  Pyramids  derived  from  tlie  pyramid  of  the  first  order 
which  occur  in  nature,  iogetlier  with  the  Latitude  of  their  Faces. 

The  form  1,  2,  ^ ;  ^  P  2  Naumann ;  2  3  1  MiQer ;  ««  or  l!^  b^  b^  Brooke  and  Levy. 
Apatite  ....        22°  55'. 

26°  22'. 
25°  53'. 
25°  28'. 
24°  22'. 

or  ds  d-j  bh  Brooke  and  Levy. 
60°  00'. 

at  or  C3  Brooke  and  Levy. 
59°  24'. 
47°  30'. 
61°  11'. 
49°  2'. 
62'  18'. 
61°     7'. 

61°  r. 

60°     0'. 


Fig.  260. 


Brcithauptito 
Davyne '        . 
*  Greenockitc 
Hematite 

The  form  1,2,^;  f  P  2  Naumann ;    3  7  1  Milller ;  a5 
Ripidolite 

The  form  1,  2,  f;  f  P  2  Naumann;  1  3~1  Miller 
Apatite 
Chalybitc 
Corundum 

Emerald         ... 
♦Greenockitc 
Hematite 
Ilmcnito 
Mimctitc 
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Nephelino 
Osmiridium 

62°  40'. 
62°    0'. 

Parasite 

82^  29'. 

Phenakito 

19°  17'. 

Pyromorphito 
Pyrosmalite   . 
Pyrrhotino     . 

69°  32'. 
60°  47'. 
63°  26'. 

The  form  1,  2,  f ;  f  P  2  Namnann ; 

120Miller; 

a*  or  ^  Brooke  and  Levy. 

Apatite 
Calcite 

40°  13'.                                 j 
29°  40'.                                  1 

Chabasie 

35°  15'. 

Coquimbite    . 

Davyne 

Emerald 

29°    0'. 
44°    8'. 
29°  57'. 

Gmelinite 

40°    4'. 

♦Greenockite 

43°  37'. 

Hematite 

42°  11'. 

Kupfemickcl . 
Mimetite 

43°  25'. 
40°  64'. 

Molybdenite  . 
Nepbeline 
fPhenakite    . 
Plattnerite     . 

Undetermined, 
44°    3'. 
11°  37'. 
Undetermined. 

Polybasite      . 

;  Pyrargyrite   . 

Pyromorpbite 

Pyrosmalito   . 

Mimetite  and  Pyromorpl 

lite  oleave  para 

68°  ZV.                                 1 
27°  43'.                                  1 
40°  22'.                                  ! 
31°  30*.                                  i 
63°  25'. 
llel  to  this  form.                             : 

he  form  1, 2,  V ;  V  I*  2  Nanmann;  3 
Corundum    ' 

lOiMiUer;  «? 

ordhd^  bk  Brooke  and  Levy.       i 
64°  45'.                                 ; 

The  form  1,  2, 2  ;  2  P  2  Naumann ;  14  2  Miller ;  a}  or  d^  di  M  Brooke  and  Levy. 

Apatite)  ....        68°  29'. 

Biotite  ....        78°    8'. 

Corundum      .  .69°  51'. 

Quartz  ....        65°  33'. 

rhc  form  1, 2,  ^;  ^ P  2  Naumann;  2  9 "5  Miller;  a^  or  d\  dl  H  Brooke  and  Levy. 

Corundum      ....        72°  31'. 

lie  form  1,  2,  | ;  f  P 2  Naumann ;  1  5  3  Miller ;  tdoi d^dkbi  Brooke  and  Levy. 
Biotite  ....        81°    3'. 

Calcite  ....        66°  18'. 

Corundum      .  .74°  36'. 

♦Greenockite  .76°  18'. 

Mimetite        ....        73°  64', 
Pyromorpbite  .  .73°  37'. 

Spartalite       ....        60°  34'. 
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Fig.  262. 


The  form  1,  2,  »^ ;  V*  P  2  Naumann  j  1  6  4  MiUer ;  al  or  d^di  bi  Brooke  and  Levy. 

Hematite 77**  33'.  | 

nmenite  77'  33'.  ! 

The  form  1,  2,  4 ;  4  P  2  Naumann ;  175  Miller ;  ai  or  d^di  bi  Brooke  and  Levy. 

Apatite 78**  61'. 

Biotite 84''  0'. 

Calcite 73''  41'. 

Corundum 79"  36'. 

Hematite  79°  46'. 

The  form  1,  2,  5  ;  5  P  2  Naumann ;  2, 17,  13  Miller ;  a's  or  di  dk  jA  Brooke  and  Levy. 
Emerald 76°  68'. 

The  form  1,  2,  V  ;  ¥  ^  2  Naumann ;  1  9  f  Miller ;  at  or  d^di  b^  Brooke  and  Levy. 
Corundum 82°  10'. 

The  form  1,  2,  8  ;  8  P  2  Naumann ;  1, 13,  U  Miller ;  ai  or  rf  VA  jA  Brooke  and  Levy. 
Corundum 84°  46'. 

The  forms  of  Greenockite,  marked  thus  ♦,  are  sometimes  hemihedral,  with  parallel 
faces ;  that  of  Phenakite,  marked  f,  hemihedral,  with  inclined  faces.  The  hemihedral 
forms,  with  parallel  faces,  are  rhomboids  ;  those  with  inclined  feices,  double  three-faced 
pyramids. 

Double  Six-finced  Pyramid  of  the  Second  Oxdcv.— The  double  six-faced 
pyramid  of  the  second  order  is  the  same  form  of  solid  as  the  pyramid  of  the  first  order, 

and  differs  from  it  only  in  its  position  and  rela- 
tion to  the  axes  of  the  system.  The  base  of  this 
pyramid,  Gj  Gj,  &c.,  Gg  (Fig.  262)  is  the  hexagon 
Gj  Gj,  &c.,  Gg  (Fig.  252)  inscribed  in  the  cirde 
whose  radius,  C  G^,  is  equal  to  one  of  the  equal 
parameters. 

To  Draw  the  Dotsble  Six-faeed  Pyramid  of  the 

Second  Order. — ^Prick  off  the  points  G^  Gj,  &c.,  6© 

Pi  Ci  Pg,  from  Fig.  250.     Take  C  P^  and  CP, 

equal  H  P  (Fig.  253),  the  unequal  parameter. 

Join  Pi  Gj,  Pi  Gj,  &c.,  and  the  pyramid  will  be 

constructed. 

Axes. — ^Thc  axis  Pi  Pg,  in  which  the  unequal  parameter  is  taken,  joins  the  opposite 

six-faced  solid  angles  Pj  and  Pj ;  while  the  axes  in  which  the  equal  parameters  are 

taken,  such  as  Gi  G4,  join  the  opposite  four-faced  solid  angles.    Each  fSace,  therefore,  of 

this  pyramid  cuta  three  axes  at  the  extremities  of  their  parameters. 

Symbols. — The  symbol  which  expresses  the  above  relation  of  the  faces  of  this 
pyramid  to  its  axis  is  111. 

Naumann' s  symbol  for  this  form  is  P.  Miller,. Brooke,  and  Levy  do  not  treat  this 
pyramid  as  a  distinct  form,  but  regard  it  as  a  combination  of  the  two  equal  rhomboids 
which  are  its  parallel  hemihedral  forms. 

Inclination  of  the  Faces. — Let  (p  be  the  angle  of  inclination  of  the  faces  measured  over 
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the  edges  Pj  Gj,  Pj  G.^  &c.,  $  their  inclination  over  the  edges  G^  Gg,  Gj  G3,  &c.,  a  the 
angular  element. 

6  ==  2  a        COS.    -t   =    _   sin.  a. 
2  2 

Position  of  the  Poles  on  the  Sphere  of  Projection,— The  poles  of  the  faces  of  this  pyramid 
lie  in  the  meridians  of  0°,  60°,  and  120°,  six  in  the  circle  of  latitude  a°  north,  and  six 
in  the  same  circle  of  south  latitude ;  or  four  poles  lie  in  each  of  the  zones  M^  C  M4, 
M2  C  M5,  and  M3  C  Me  (Fig.  255). 

Doable  Six-faced  PyramldB  derived  from  the  Pyramid  of  the  Second 
Order. — Ketaining  the  same  hase,  other  pyramids  may  be  derived  &om  that  of  the 
second  order  by  taking  points  Q^  and  Q2  "^  C  P  or 
C  P  produced,  such  that  C  Qi  or  C  Q2  ^  equal  to 
m  times  C  Pi  (Fig.  262) ;  m  being  a  whole  number 
or  fraction  greater  than  unity  for  the  pyramid  Fig. 
264,  and  less  than  unity  for  Fig.  263. 


Fig.  263. 

When  m  becomes  infinitely  great,  ihe  pyramid 
becomes  the  prism  of  the  second  order. 

Si/mbols.— The  symbol  for  these  pyramids  is  11  w,  Naumann's  m  P. 

Inclination  of  the  Faces.— U  tp  be  the  angle  of  inclination  of  the  faces  measured  over 
the  edges  Qi  Gi,  Qg  Gj,  &c.,  0  over  the  edges  Gj  Gg,  G2  G3,  &c.,  a  the  angular  element 
of  the  substance,  and  A.  the  inclination  of  the  normals  of  the  faces  to  Qi  Qj,  or  their 
latitude  on  the  sphere  of  projection, 

tan.  A.  =  w  tan.  a    6  =  2  \,  and  cos.  l_  =    —  sin.  X. 

Position  of  the  Poles  on  the  Sphere  of  Projection.— The  poles  of  the  faces  of  these 
pyramids  lie  in  the  meridians  of  0°,  60°,  and  120°,  six  for  each  pyramid  in  the  circle  of 
latitude  \°  north,  and  six  in  the  same  circle  of  south  latitude ;  or  four  poles  lie  in  each 
of  the  zones  M^  C  M^,  Mg  C  Mg,  and  M3  C  Mg  (Fig.  255). 

Nets  for  these  Pyrawicfo.— Take  B  C  (tig. 
265),  equal  to  C  Gj  (Fig.  252).  Draw  B  A 
perpendicular  to  B  C.  Take  A  B  equal  to 
C  Q  (Figs.  262  or  263) ;  that  is,  equal  to  m 
times  the  imequal  parameter.    Join  A  C. 

Then  (Fig.  266)  draw  G^  %  equal  Gj  Gg 
(Fig.   252);    on  it  describe  the  isosceles 
triangle  P  G^  Gj,  having  the  sides  P  G^  and 
P  G2  equal  A  C  (Fig.  265). 
P  G^  G2  is  a  feice  of  the  pyramid ;  and  twelve  such  faces,  arranged  as  in  Fig.  261, 
will  form  tiie  required  net. 


Fig.  265. 


Fig.  266. 
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These  pyramidg  occur  so  seldom,  as  homohedral  or  perfect  forms  in  nature,  that  when 
they  do  so,  they  are  regarded  as  comhinations  of  the  two  hemihedral  forms  denyed 
from  them ;  wo  shall  therefore  descrihc  them  imder  their  hemihedral  foims. 

Khomboid. — ^The  rhomboid  may  bo  considered  as  a  hemihedral  form  with  parallel 
faces  of  the  double  six-faced  pyramid.    The  positive  rhomboid  (Fig.  267)  is  deriyed 


'Jl5- 


""/C' 

**. 

.       >^ 

lfcc(^ 

Fig.  268. 

y^3i^ 

from  the  pyramid  Fig.  262  by  producing  the  faces  Pj  G^  Gj,  Pi  G3  G^,  P^  Gj  Gg,  P2G1 
Gg,  Po  Gj  G3,  and  Pj  G4  G5  to  meet  one  another.  The  negative  rhomboid  (Fig.  268)  u 
formed  by  producing][the  other  six  faces  of  the  pyramid. 

Thc*rhomboid  is  bounded  by  six  equal  fSsices,  each  of  which,  such  as  P^  Eg  B^  B,, 
are  rhombs ;  that  is,  four-sided  figures,  with  equal  sides  and  opposite  angles,  but  all  the 
angles  not  equal.  It  has  twelve  equal  edges,  two  three-faced  solid  angUsj  P^  and  F, 
(Figs.  267  and  268),  formed  by  the  union  of  three  equal  angles  of  the  rhombic  faces, 
and  six  three-faced  solid  angles,  E^  E^,  &c.  (Fig.  267),  Eio  En,  &c.  (Fig.  268),  formed 
by  the  union  of  two  equal  angles  of  the  rhombic  faces  with  an  unequal  one. 

To  draw  the  Rhomboid. — Though  the  Ehomboid  is  derived  from  the  double  six-faced 
pyramid, as  its  hemihedral  form,  and  might  be  constructed  from  that  figure  by  pro- 
ducing its  faces,  it  is  more  easily  obtained  from  the  hezagcmal  prism  of  the  first  order. 


Fig.  269. 


Fig.  ilQ. 


For  Figs.  269  and  270,  prick  off  from  Fig.  249  all  the  points  marked  P  C  B  and  M. 
Take  P  C  and  Bj  M^,  B,  Mj,  5:c.,  in  both  Figs,  equal  to  the  unequal  parameter  P  C 
(Fig.  262),  as  determined  for  ^the  particular  substance  whose  rhomboid  is  to  be  drawn.  ' 
Join'all  the  B's  and  Pj  C  Pg.  ( 

Then  for  the  poative  rhomboid  (Fig.  269),  take  Eg  Mg  equal  one-tiiird  of  M^  B^,  | 
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M^  "Ri  one-tliird  of  M^  B7,  and  so  on,  taking  care  that  the  points  K  aro  alternately  above 
and  below  tbe  points  M. 

Join  Pj  with  Rg?  ^2  ^''^^  ^4  J  ^^^  ^t  "'^^  ^i>  ^^3  ^J^id  E3 ;  and  Rq  E^  Ro  ^^3  ^1  ^«  ^nd 
Re,  and  the  positive  rhomboid  wiU  be  constructed. 

The  negative  rhomboid  is  constructed  by  taking  M  R  one-third  of  M  B  alternately 
above  and  below  M,  as  shown  in  Fig.  270,  and  joining  the  points  B  and  R. 

Symbols. — The  symbol  for  the  rhomboids  derived  from  the  pyramid  whose  symbol 

is  111,  is  +  I  — ^     and  —     — ^    I,  Naumann's  symbol  is  +  —  and  — ^  or  +  R 

and  —  R. 

Miller's  symbol  for  the  positive  rhomboid  is  100,  Brooke  and  Levy's  P,  if  that 
rhomboid  be  taken  as  the  primative  form,  !(**)  if  the  hexagonal  prism  be  chosen  for  the 
primative. 

Miller's  symbol  for  the  negative  rhomboid  is  1  2  2,  Brooke  and  Levy's  e^  or  ^(i^), 
according  as  the  rhomboid  or  the  hexagonal  prism  are  taken  as  the  primative 
form. 

Inclination  of  the  Faces  of  the  Rhomboid. — If  0  be  the  angles  of  inclination  over  any 
of  the  edges  P  R  (Figs.  267  and  268),  (f>  over  the  edges  R  R,  and  a  the  angular 
element 

*  Q 

cos.  -^  =  sin.  60  sin.  a      and  <^  =  180°  —  6. 

a  is  the  latitude  of  the  faces  of  the  rhomboids  on  the  sphere  of  projection. 
Poles  of  the  Rhomboids  on  the  Sphere  of  Projection. — The  poles  of  the  positive  rhom- 
boid on  the  northern  half  of  the  sphere  of  projection  (Fig.  265),  are  the  points  where 


Fig.  271.  Fig.  272.  Fig.  273. 

the  circle  of  latitude,  a,  cuts  the  meridian  C  Mj,  C  M3  and  C  Mg,  the  poles  of  the 
negative  rhomboid  where  the  same  circle  cuts  the  meridians  C  Mj,  C  M^,  and  C  Mg. 

Nets  for  the  Rhomboids. -^Take  C  M  (Fig.  271)  equal  C  M  (Fig.  252),  draw  Pj  C  P^ 
perpendicular  to  M  C,,  take  C^Pi  and  C  Pg  equal  C  Pj  (Fig.  269  or  270). 

Through  M  draw  B^  B7  parallel  to  P^  Pj  and  through  Pj  and  Po,  Pi  Bj  and  Pg  B7 
paraUeltoCM. 

Take  R  M  one-third  of  Bj  M.    Join  Pj  R  and  R  Pg. 

Then  (Fig.  272)  draw  A  B  equal  R  P.^  (Fig.  271),  on  A  B  describe  an  isosceles 
triangle  A  C  B,  having  its  sides  A  C,  B  C  equal  P^  R  (Fig.  271).  Describe  a  similar 
and  equal  triangle  A  D  B  on  the  other  side  of  A  B.  The  figure  C  A  D  B  will  be  a  face  of 
the  rhomboid,  and  six  such  faces,  arranged,  as  in  Fig.  273,  will  foTm.t\i'a  x^ojoax^^ Tsrfv.,  \ 
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Facet  parallel  to  (horn  of  the  Fotkite  Rh/ombind  ocemr  m  natm%  m  the  Ji^hmiitg  -»,* 
The  angles  are  Aote  of  the  mcrmadom  of  ikdrfactM  $  and  ^  7%e  amgU  ofAeir  Im 
hemg  the  tame  at  the  angular  element^  it  not  given, 

Alunite 

Ankerite 

Antimony 

Apatite. 

Arsenic 

Biotite  . 

Bismuth 

Bremmerite 

Calamine 

Galcite. 

Ghabasie 

Chalybite 

Cinnabar 

Corundum 

Cronstedtite 

Dia]log;ite 

Bioptase 

Dolomite 

Emerald 

Eudialyte 

Gmelinite 

Hematite 

Ilmenite 

Levyne 

Magnesite 

Mesitine 

Millerite 

Himetite 

Kitratine 

Phenakite 

Proustite 

Pyrargyrite 

Pyromorphite 

Pynbotine 

Quarts 

K^doHte 

8partalite 

Susannite 

Tamarite 

Telluiium 

Tetradymite 

Tourmaline 

ITillemite 

XanthoQone 


92^50' 

;    8ri0'. 

106'  12* 

;    73°  48'. 

87°  35' ; 

92°  25'. 

88M2' 

;    91°  18'. 

86°  41' 

94°  19'. 

7V    4' 

108°  56'. 

8r40' 

92°  20'. 

107°  23- 

72°  37'. 

10r40' 

;    72°  20'. 

105»    5' 

74°  56\ 

94»46' 

85°  14'. 

106^60' 

;    73°   0'. 

71°  48* 

108°  12'. 

86^    4'; 

93°  56'. 

Undeteni 

[lined. 

106'  51' 

;    73°    9'. 

95»  54' 

;    84°    6*. 

106»15' 

73°  45. 

104»  34' 

;    75°  26'. 

73°  30'; 

106°  30'. 

Doubtful 

86°  10' 

;    93°  50'. 

86M0' 

;    93°  50'. 

106°    4' 

;    73°  56'. 

107°  29' 

;    72°  31'. 

107°  14' 

;    72°  46'. 

144°    8* 

;    35°  52'. 

86°  48* 

93°  12'. 

106°  33*, 

73°  2r. 

116°  40' 

;    63°  20'. 

107°  50' 

72°  lO*. 

106°  42* 

,    73°  18'. 

88°  28'; 

91°  32*. 

82°  40' 

;    97°  20'. 

94°  15' 

;    85°  45'. 

75°  22* 

;  104°  22*. 

116°  30' 

63°  30'. 

72°  30* 

,  107°  30*. 

69°  48* 

,  110°  12'. 

86°    2° 

,    93°  58'. 

66°  40' 

113°  20'. 

133°    8' 

,    46°  52'. 

128-30' 

;    51°  30'. 

63=18- 

;  116°  42'. 

THE  BHOMBOID. 


401 


CHeavages  parallel  to  the  positive  Rhomboid  occur  in  thefoUomng  mnertUt,  the  cleavage 
being  perfect  in  thoae  printed  in  italics. 


Alimite. 

Anktrite, 

CalcUe, 

Chabarie, 

Chdlybite, 

Comndum* 


DiaUotfite, 

Dolomite, 

Eudialyte. 

Hematite. 

Ilmenite. 

Magnente. 


MeHtine. 

MUleriU. 

NUratine. 

Pl(eiiaklte« 

Proustite. 


Pyrargyrite, 

Quartz. 

Tourmaline, 

JVUlufnite. 

Xanthocone, 


Cronstedtite,  Fhonakite,  and  Pyrargyrite  present  hemihedral  forms  of  the  six-faced 
pyramid  with  inclined  faces.    This  form  is  a  double  three-faced  pyramid. 

Faces  parallel  to  the  negative  Shotnboid  occur  in  the  following  minerals. 


Apatite  . 

88°  42* ; 

91°  18' 

Phenakite      . 

.      116°  40' ;    63°  20* 

Calcite    . 

105°    y; 

7V  5y 

Pyromorphite 

88°  28' ;    91°  iV 

Corundum      . 

860    4'; 

93°  56' 

Pyrrhotine 

82°  4^  ;    97°  20* 

Dioptase 

95°  64' ; 

84°    6' 

Quartz    . 

94°  15' ;    85°  45' 

Emerald 

104°  84'; 

75°  26' 

Ripldolite 

.       .       75°  22' ;  104°  22' 

Hematite 

86°  W ; 

9^50' 

Susannite 

72°  80' ;  107°  80* 

Millerite 

.      144°    8'; 

85»  52* 

Tellurium 

.       .       86°    2';    98°  58' 

Mimetite 

,       86°  48' ; 

93°  12' 

Sgmbols.^The  symbols  for  these  rhomboids  will  be     - 
m  R,  and  Miller's  h  k  k^  where  m 


Millerite  and  Quartz  are  the  only  minerals  which  cleave  parallel  to  the  negative 
rhomboid,  the  cleavage  of  the  first  being  perfect.. 

Rhomboids  may  be  derived  from  each  of  the  double  six-faced  pyramids  (page 

397),  whose  symbol  is  11  m ;  to  draw  them  we  have  only  to  make  C  P  in  Figs.  269 

and  270  equal  to  m  times  the  unequal  parameter.    Their  nets  may  be  constructed  in  a 

similar  manner  by  making  C  P  in  Fig.  271  equal  to  the  same  quantity. 

•11  mH    v^  ,  *»P 

,  N aumann*s  — ^  or 

1,    i    o  h  ^  ^®  relation  existing  between  the 

numbers  used  by  Naumann  and  Miller ;  Brooke  and  Levy's  symbol  will  be  &"*  when 
they  take  the  hexagonal  prism  for  their  primitive  form;  when  they  regard  the 
positive  rhomboid  as  their  primitive  form,  their  symbols  for  the  derived  rhomboids  will 
be  given  with  each  particular  case. 

Inclination  of  the  Faces  of  the  Rhomboids,— 1£  \  be  the  latitude  of  the  face  of  the 
rhomboid,  and  a  its  angular  element,  <t>  the  angle  of  inclination  over  the  edges  PR,  0  that 
over  the  edges  RR  (Figs.  267  and  268), 


tan.  \=im  tan.  a, 


COS.  ^  =  »»  sm.  60  cos.  \  tan.  a, 
and  6  =  180°  —  <(>. 


Rhomboids  derived  from  the  Double  Six-faced  Pyramids  (p.  397),  whose  Faces  have  been 
observed  in  nature,  together  with  their  Latitude  on  the  Sphere  of  FrojeetioH, 

iV  R  Naumann ;  665  Miller ;  a^  Brooke  and  Levy. 

Hematite.  .  5° 36' 
"^  t  R  Naumann ;  233  Miller ;  ai  Brooke  and  Levy. 

Hematite .  .  11°  6' 
^  i  R  Naumann ;  122  Miller ;  a*  Brooke  and  Levy. 

HemaUte .    .  17°  26* 
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i  R  Naumann ;  211  Miller ;  a*  Brooke  and  Levy. 

Antimony 

.  20»  40*    Cinnabar  .    .  83»  28'    HemaUte . 

.  13°  3'    Tetradymite 

.  12°49' 

Calcite      . 

.  lZ^5t    Ettdialyte.    .  SPSS'    Proofftite  . 

.  42°30' 

Eudialyte  deaves  parallel  to  this  form. 

—  ^B.  Nanmaim ; 

256  Miller ;  «*  Brooke  and  Levy. . 

Calotte.    . 

.  18°  52*  I  Hematite.    .lP2y 

—  ^  R  Naumann ; 

133  Miller ;  ai  Brooke  and  Levy. 

Hematite. 

.  24°  y 

}R  Naumann^  622  Miller;  a^  Beo(^  and  X^ry. 

Conmdom 

.  27°  41'  I  Cinnabar  .    .  41°  24' 

%  R  Naumann;  Sll  Miller;  «•  Brooke  and  Lery. 

Cinnabar  . 

.  46°  Sy  I  nmenite  .    .  8»°   7' 

^RNaumium;  411MiUer;  a«  Brooke  and  Levy. 

Apatite     . 

.  36°  13'    Hematite .    .  38°   7'    Qoartx     » 

.820  25' 

Gorondttm 

.  38°  12'    MUlerite  .    .  10»46'    Tamarlte. 

.  55°  51' 

—  ^  R  Naumann ; 

Oil  Miller ;  b^  Brooke  and  Levy. 

Ankerite  . 

.  25°  42' 

Calcite.    .    .  26°  ly 

DoLunite  . 

.25°  40' 

Phenaklte 

20^52' 

Antimony 

.  37°  2r 

Chabasie  .    .  31°  22' 

Eudialyte. 
Hematite. 

.  50°  38' 

Proustite  . 

.  24°  sy 

Apatite    . 

.  86°18' 

Chalybite.    .25^17' 

.88°    7' 

Pyrargyrite 

.24°  18' 

Arsenic     . 

.9»^W 

Cinnabar  .    .  52«  5^ 

Ilmenite  . 

.  88°  r 

Quartz      . 

32°  sy 

Bismuth  . 

.  36' 58' 

Diallo^te      .  3ft»  t» 

Mesitine  . 

.  25»  11' 

TamaritB. 

55°  $r 

Breunnerite 

.  25°   ff 

Dioptase  .    .  31°  22* 

Bfillerite  . 

.  10°  46' 

Tourmaline 

.  14°  20' 

Calamine  . 

.24°  68* 

Antimony,  Bismuth,  Chalyhite,  Biallogite,  Hematite,  Ilmenite,  Proustite,  Dioptaflc, 

and  Milleiite,  cleave  parallel  to  this  form,  the  laet  two  perfadily. 

^  R  Naumann ;  611  Miller ;  a*  Brodte  and  Levy. 

Hematite  . 

.  44*  27' 

1  R  Naumann;  71  r Miller;  a''  Brooke  and  Lew. 

Calcite.    . 

.  33°  20' 

—  4  R  Naumann ; 

133  Miller ;  e^  Brodke  and  Levy. 

Calcite.    . 

.  38°  17' 

—  f  R  Naumann ; 

%  11,  11  Miller ;  e^  Brooke  and  Levy. 

Calcite.    . 

.  49°  4y 

—  f  R.  Naumann  ; 

233  Miller ;  e^  Brooke  and  Levy. 

Calcite .    . 

.  50°  5S' 

—  ;|  R  Naumann ; 

456  Miller ;  e^  Brooke  and  Levy. 

Arsenic     . 

.  67°  16'  I  Calcite .    .    .  55°  57  I  Hematite . 

.  66*  sy  1  Pronrtite  . 

.  54MS' 

}  U  Naumann ;  13,  2,  2  Miller ;  e^  Brooke  and  Levy. 

Quartz.    . 

.  64°  43' 

■}  R  Naumann ;  6 

1,  1  Miller ;  <?«  Brooke  and  Levy. 

BipidoUte    . 

75°  4^ 

2  R  Naumann ;  611  Miller ;  e*  Brooke  and  Levy. 

Apatite  .    . 

.  71°  y  1  Quartz    .    .  68°  31' 

111  Miller ;  ei  Brooke  and  Levy. 

Antimony 

.  71°  40' 

Chabasie  .    .  67°  47' 

Ilmenite  . 

.  72°  ay 

Bipiddite 

77°  28' 

Apatite     . 

.  71°  y 

Chalybite .    .  62°    7' 

Levyne     . 

.  62°  37' 

Susannite     . 

78°  56' 

Biotite      . 

.  79°  41' 

Corundum     .  72°  22* 

Phenaklte 

.  5e°44r 

Tetradymite 

82°  14' 

Bismuth  . 

.  71°  37' 

Dolomite  .    .  62°  31' 

Proustite  . 

.  61°  41' 

Tourmaline 

.45°  57' 

Calamine  . 

.  61°  46' 

Eudialyte      .  78°  2y 

Pyrargyrite 

.  71°  13' 

Willemlte 

49°  14' 

Calcite.    . 

.  63°    7' 

Hematite  .    .  72°  20' 

Quartz 

.68°  81' 

Xanthoeone 

79°  25' 

Antimony,  Bismuth,  Levyne,  and  Tourmaline,  cleave  parallel  to  this  form.          | 

i-  R  Naumann ;  4il  Miller ;  e*  Brooke  and  Lc?vy. 

Ilematite  . 

.  75°  42'  1  Ilmenite  .    .  75°  42*  (  Ripidolite 

.  7y»5y 
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-  I R  Katrfflaail ;  877  Millet;  e*  Brooke  and  Levy. 

3  R  Naumann ;  722  Miller ;  e^  Brooke  aJid  Lei'y. 

Qtwtte  r   »    «  rtP  18' 

-  S  R  NauMann ;  644  Miller )  et  Brooke  and  Levy. 

Calcitc.    .    .^1°  20'  I  Lcvyne     .    .  70»  57'  |  MiUerite  .    .  48°  47' 

-  ^  R  Naumann ;  433  Miller ;  e^  Brooke  and  Levy. 

CWainine .    ,  7i^  56r  \  Calcite .    .    .73°  51'  I  Quarta     .    .  77°  19'  I  Tourmaliiie  \  61°  4' 

4  R  NaumaDn ;  Slf  Miller;  e^  Brooke  and  Levy. 

Calamine .  .  74°  W  I  Dolomite  .  .  75°  25'  I  Pyrargtrtte  .  74*  38*  I  Sj^artalite  .  71°  57' 
Calcite .  .  .75°  47'  Hematite  .  .  80°  57'  Quatti  .  .  78°  62^  Tdurmalln*  .  64°  11' 
Chalybite .    .  75°  11'  | 

-  4  R  Naumann ;  755  Miller ;  ei  Brooke  and  Levy. 

Calcite.    .    .  75°  47' 

-  5  R  Naumann ;  322  Miller  j  e^  Brooke  and  Levy. 

Calamine .  .  77°  53^  I  Chalybite  .  78°  3'  i  Iltnenite  .  .  ^8°  4^  I  iFoiirfiallBA  .  68°  51' 
Calcite .    .    .  78°  82'  |  Hematite  .    .  82°  44'  j  Pyrnrg^rlte  »  82°  11'  | 

V  R  Naumann ;  833  Miller ;  e*  Brooke  and  Levy. 

Quartz     .    .  81°  51' 
6  R  Naumann;  13,  5,  5  Miller;  e^  Brooke  and  Levy. 

Quartz     •    .  82°  81' 

-  7  B  NAnmann ;  l8,  8,  8  Miller ;  e V  BrocAe  and  Levy. 

Qtiarti     .    .  8&°  KT  )  ittsannite      .  68°  88' 

-  8  R  Naumann ;  533  Miller ;  e^  Brooke  and  Levy. 

CaloHe .    »    .82°  47' 

-  11  R  Nautoana  j  "744  Miller  j  e^  Brooke  imd  Levy;    j 

Ooarts     .    .  8&°  54' 

I^tes  of  the  de^ed  Mhomhotth.-^The  poles  of  the  positive  rhomboids,  that  is  of  those 
rhomboids  whose  symhol,  according  to  Naumann,  is  of  the  form  mR,  will  be  found  by 
obierting  the  joints  where  the  circle  of  latitude  for  X"*  horth  cuts  the  meridians  CMj, 
OM3,  and  CM4  (Fig.  255),  of  the  northern  hemisphere  of  the  sphere  of  projection,  and 
^6re  the  same  eircle  of  south  latitude  cuts  the  meridians  CHo,  CM^,  and  OMq  in  the 
southern  hemisphere,  tn  the  case  of  the  negative  rhomboids,  or  those  whose  symbol 
i8  —  fn%  the  poles  will  be  the  intersection  of  the  circle  of  north  ^^titude  A,  witili  the 
meridians  CM^  CM4,  and  CMg,  and  the  same  circle  of  south  latitude  with  the  meridian 
CMi,  CM3,  and  CM^. 

Circle  of  Latitude  on  Sphere  of  Frojeetion. — ^We  here  heg  to  oall  our  readers'  attention 
to  an  omission  which  we  fijid  we  have  made  in  the  early  part  of  our  treatise.  We  ought  to 
have  warned  our  students  that  it  is  far  more  convenient  for  purposes  of  crystallography 
to  reckon  the  degrees  of  latitude  from  the  pole  to  the  equator  instead  of  from  the 
equator  to  the  pole.  Strictly  speaking,  the  angle  which  we  have  called  the  angle  of 
latitude  is  the  north  or  south  polar  distance.  Our  angle  of  latitude  is  always,  tiiere-^ 
fore,  the  difference  between  90°  and  the  angle  of  latitude  as  reckoned  oh  a  eelestial  or 
terrestrial  globe.    This  observation  applies  to  the  cubical  and  pyramidal  systems. 

The  Right  PzUm  on  a  Twellre-sided  BAser— This  prism,  also  called  the 
dihixaponal  pristn,  is  a  solid  bounded  by  fourteen  faces,  twelve  of  which)  such  as 
L,  L7  67  G^  (Fig.  274),  are  rectangular  parallelograms,  forming  the  sides  of  the  prito ; 
the  other  two,  which  terminate  the  prism,  being  irregular  polygons;  with  twelve  sides. 
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mien  tbia  priam  in  considered  an  open  fonn,  iU  sides  alone  are  taken  for  tho  pl&nf j  d 
the  prism,  and  the  two  fac^  whicli  incloae  it  ar©  ccmaide^  £ac6«  of  the  same  bmal 
piniKQidi  which  Inelose  the  hexagonal  prismB. 

lb  Draw  the  Bih^xagonal  Priim. — Take  any  iirbitrary  line,  CGi  (Fig.  275),  for  one 
of  the  three  equal  paraineters  (as  ia  Fig*  252,  page  3So) ;  draw  CG^,  CG3,  CG(,  &^ 


Kp-  ST4, 


Flf.27S* 


j^ 


Fig.  2Ti, 


/ 


CGfi,  each  equal  to  CGj,  and  inclbed  to  each  other  at  an  angle  of  60°.  Join  Gi  % 
G^  Gj,  &Q.^  Gj  Gt ;  Gj  G,  G3  &«.  Gg  will  bo  a  regular  he^agou^  and  6^  64,  O^  G„  ind 
G3  Gg  will  represent  the  three  axes  <>f  the  hexagonal  system  in  whieh  the  eqiul 
parameters  are  taken. 

Drnw  CLi»  CLp  CL^,  ^,,  CL^  hiaecting  the  angles  G^CGj,  GXG3,  &c.,  GeCG,. 
Then  Fig*  276,  draw  the  equilateral  triangle  CG,  G^  Gq\i*l 
CGiG,  (Fig.  275)  i  bisect  GjCG^  bj-  GH,  prodtMC  CG^  and 
CG^  to  K|  and  K^ ;  take  CKj  and  CK^  each  cqnal  n  timcaCOi^ 
the  symbol  for  the  prism  being  I  n  cc .  Join  G^  E^  aad 
(}^  Kj  otitiiiig  CH  produced  in  L,  Lastly,  in  Fig.  273,  take 
CLi,  CI^  CLj,  ^e.,  CLfi  each  equal  to  CL  {Fig.  276); 
join  Gj  Lj,  Lj  G^  G2  Lo,  L,  G^^  &c.,  and  Gj^  L^  G^  Lg  ^ 
Lfi  Gj,  will  be  the  base  of  tbe  priam.  Throtsgh  G^  and  G^ 
draw  the  lines  D^  G^  D^  and  Dj  G^  D^  parallel  to  L4CLJ ; 
taie  Gfi  Dj  equal  to  any  line  greater  than  CL^;  Gg  Bj, 
Gq  D^  and  G^  D^,  each  equal  to  G^  D^. 

Join  Di  Bj  and  D^  D3 ;  produce?  L,  I^  to  meet  Bj  D^  in  M3,  and  D^  D^  in  H^  and 
Lg  L^  to  meet  D^  B^  in  M^,  and  B^  B|  in  M^. 

Join  L^  I^  G j  Gj,  G4  G^  and  Ijj  Tj,,  and  prodaee  these  lines  as  well  m  L4  Lj  t^ 
meet  B,  B,  and  D^  B3  in  the  points  N£  and  M,  as  indicated  in  Fig.  27^, 

Braw  Di  Bj  (Fig.  274)  equal  B^  D^  [Fig.  275),  and  D^  B3  and  D^  D3,  eaiJi  making 
an  angle  ef  30",  to  Dj  B^*  Take  D^  B.  and  B4  B^  equal  to  t^e  half  of  J)j  B^  sad 
D^  B3  in  Fig,  27o- 

In  Dj  B,  {Fig.  274}  take  Di  N^,  Dj  E^,  Dj  N^,  Di  1^  B^  K^,  oaeh  half  of  Bj  3Ty 
Bi  Ei^  Bj  Ml,  &e.»  retpectavely,  in  Fig»  275, 

Throngh  Hj,  Ep  Mi,  E,  and  N,  dmw  Ni  K4,  E^  E^,  M,  M^,  E,  E|  and  N^X, 
pwallel  to  Bi  B,.  Take  N^  I^  N^  L^,  E^  G^,  E^  Gg,  M,  L,,  Mj  L4,  E^  G^,  E,G„ 
N,  Lj,  N,  Lj,  Dj  Gfl  and  B^  6,  respectively  eqnal  to  K^  L,,  Ni  L„  i^  G„  Ej  G^  ie. 
fj%*  S75J*    Braw  G,  G^^  per^pendlcular  to  D^  D„  take  Gj  G^j  eqnml  tiic  height  «f  tbe 
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prism  intended  to  be  represented ;  draw  L,  L^,  G^  G7,  L^  L„  &c.,  as  in  Fig.  274, 
parallel  and  equal  to  Gg  Gjj ;  join  Gjj  L^,  Lj2  G,,  &c.,  and  tiie  right  prism  on  a  twelve^ 
sided  base  will  be  drawn  in  isometrical  perspective. 

-4ic«j.— Gi  G4,  G3  G5,  and  G3  Gg  (Pig.  274)  represent  the  three  axes  in  which  the 
equal  parameters  are  taken.  The  fourth  axis  corresponds  to  the  geometrical  axis  of 
the  prism,  and  would  bo  represented  by  a  line  drawn  through  C  parallel  to  Gg  G^j* 

Symbols, — Each  &ce  of  the  prism,  if  produced,  would  cut  one  of  the  three  equal 
axes  at  a  distance  from  the  centre  equal  to  the  arbitrary  unit,  and  an  adjacent  axis  at 
n  times  this  distance,  and  is  parallel  to  the  fourth  axis. 

The  symbol  which  expresses  this  relation  to  the  axes  is  1  ft  00 .  Naumann's  symbol 
for  this  form  is  qo  P  n ;  and  Miller's  h  k  I,  hkl  and  n  may  be  obtained  from  each 
other  by  the  formnlsB 

n  =  Y— T  and  hA-hA-l^o. 

To  describe  a  Net  for  the  Right  Frism  on  a  Twelve-sided  Base, — ^Draw  two  twelve-sided 
polygons,  each  equal  to  Gi  Lj  G,  L2,  &o., 
Lg  Gj  (Fig.  276),  and  twelve  rectangular 
parallelograms,  each  equal  in  breadth  to 
Gi  Li  (Fig.  275),  and  of  a  length  equal 
to  that  of  the  prism  intended  to  be  re- 
presented. Arrange  these  fourteen  figures 
as  in  Fig.  277,  and  the  net  will  be  con- 
structed. 

Position  of  the  Poles  of  the  Prism  on  the 
Sphere  of  Frojection^-^The  poles  of  the 
faces  of  the  dihexagonal  prism  always  lie 
in  the  same  zone,  and  that  zone  is  the 
equator  of  the  sphere  of  projection;  S^, 
82,  S3,  S4,  &c.,  Sj,  (Fig.  255)  represent 
these  poles,  the  arcs  Gj  Sj,  Gj  So,  G,  S5, 
Gj  S4,  &c.,  being  equal  to  each  other. 
Let  $  be  the  angle  MiOS^,  or  the  longitude  of  the  pole  S^  reckoning  from  M^ 


* 

V 

Fig.  277. 


tana=v^3^i: 


Wz 


2A  —  A;  —  r 


Forms  of  the  Dihexagonal  Frism,  parallel  to  which  Faces  have  been  observed  in  naturei 
with  the  longitude  of  their  Poles  on  the  Sphere  of  Frqfeetion, 

The  formlf  00;  00  Pf  Nanmann;  523Miller;  and  <^  (^  &i  Brooke  and  Levy ; 
loogpltude  6^  35'  occurs  in  Corundum  and  *Diopta8e. 

The  form  1  f  <» ;  <»  P  ^  Naumann ;  114  7  Miller ;  A  rfV  ^A*  Brooke  and  Levy ; 
longitude  8°  57'  occurs  in  Quartz. 

The  form  1  }  <» ;  oo  P  f  Naumann ;  3  1  2  MiUer ;  d^  t^  bi  Brooke  and  Levy ; 
longitude  10"  54'  occurs  in  *Apatite,  Emerald,  Hematite,  *Phenakite,  and 
Tourmaline* 

The  form  1  4  <» ;  «  P  4  Naumann ;  7  2  5  MiUer ;  di  d^  b^  Brooke  and  Levy ; 
longitude  13**  54'  occurs  in  Calcite  and  ^Dioptase. 
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The  form  1  ^  oo  ;  «  P  |  Naumann;  4  13  Miller;  <?  rfi**  Brooko  and  Lery; 
longitude  16*  6'  occurs  in  Tourmaline. 

The  form  1  f  oo  ;  oo  P  ^  Kaumann ;  6  1  4  Miller ;  d^  e^  bi  Brooks  and  Levy; 
longitude  19'*  6'  occurs  in  *Apatite,  ♦Dioptase,  and  Milleritc. 

The  forms  marked  thus  *  are  hemihedral,  with  parallel  faces ;  the  hemihedral  form 
of  this  prism  with  parallel  faces  is  a  regular  hexagonal  prism,  arising  from  the 
development  of  the  alternate  faces,  and  differs  only  from  the  prisms  of  the  First  and 
Second  Order,  in  its  position  with  regard  to  the  axes. 

I>oiiU«  Twelve-Diced  Pyvamid.~-The  double  tufehd^fyad  pprafnid^  or,  as  it  is 
generally  called,  the  dihexagonal  pyramid,  consists  of  two  pyramids  joined  together, 
one  on  each  side  of  the  dihexagonal  base  given  in  Fig  275.  It  is  bounded  by  twenty- 
four  equal  and  similar  scalene  triangles,  it  has  twelve  four-faced  solid  angles  at  the  base 
of  the  pyramids,  and  two  twelve-faced  solid  angles^  one  at  each  apex  of  the  double 
pyramid. 

This  pyramid  may  be  easily  drawn ;  through  C,  in  Fig  274,  draw  a  line  perpen- 
dicular to  Lj  L4,  take  two  points  in  this  line  equidistant  from  C,  and  each  equal 
m  times  C  P^  (Fig.  256),  and  join  these  points  with  Gi  Gj,  &c.,  Gg  and  L^  Lj,  &c.,  Lg) 
mV  n  being  the  symbol  of  the  pyramid. 

This  pyramid  has  never  been  observed  alone,  and  scarcely  ever  in  combination 
with  other  forms.  When  these  latter  occur,  they  may  be  regarded  as  the  combination 
of  the  positive  and  negative  scalcnohcdron  derived  from  it. 

Symbols, — Each  face  of  the  pyramid  would,  if  produced,  cut  one  of  the  axes  in 
which  the  equal  paiameters  are  taken  at  the  extremity  of  the  parameter ;  the  neigh- 
bouring axis  in  the  hexagonal  base  at  a  distance  from  its  centre  n  times  that  of  the 
equal  parameter,  n  being  any  fraction  greater  than  one,  and  less  ihajL  two ;  and  the 
fourth  axis,  which  is  perpendicular  to  the  base,  at  a  distance  from  the  centre  m  times 
that  of  the  imequal  parameter,  m  being  a  fraction  or  whole  number  equal  to,  greater,  or 
less  than  unity.  The  symbol  which  expresses  this  relation  is  1  m  n.  Naumann'^ 
symbol  is  m  P  ti,  and  Miller's  hkl. 

When  m  becomes  infinitely  great  this  pyramid  passes  into  the  dihexagonal  prim^ 
and  when  m  is  finite  and  n  becomes  equal  to  two,  it  passes  into  a  double  six-faed 
pyramid,  derived  ftom.  that  of  the  J^rst  Order. 

Fositioti  of  the  Poles  on  the  Sphere  of  iVo^/tiwi.-=— Twelve  poles  lie  in  the  same  circle 
of  north  latitude  and  twdve  in  the  same  circle  oi  south  latitude,  one  pole  lies  within 
each  spherical  triangle  C  G  M  (Fig.  2o5),  two  poles  lie  in  the  same  circle  of  latitude  at 
equal  angular  distances  on  each  side  of  every  meridian  C  G,  such  as  Tj  To  on  both  sides 
of  C  Gi  and  Vi  V,  on  both  sides  of  C  G.>. 

The  llormulft  for  detennining  the  latitade  and  kngititde  of  these  poles,  from  the 
symbols  for  their  forms,  as  well  as  the  relation  between  mn  hk  and  ly  will  be  given 
under  the  description  of  the  hexagonal  scalenohedron. 

Hexagonal  Scalenohedron. — The  hexagonal  eealenokedron  is  a  hemihedral 
form  with  parallel  faces,  derived  from  the  double  twelct-faeed  pyramid  by  producing 
half  the  faces  of  the  upper  pyramid  taken  in  pairs  to  meet  half  the  ihces  of  the  lower 
one  which  do  not  correspond  to  those  taken  from  tiie  upper.  Thus  the  flsices  whose 
poles  are  T^,  V^,  T3,  V.,  V^,  and  T5  in  the  northern  hemisphere  of  projection  (Fig.  255), 
being  produoed  to  meet  one  another,  and  the  fiues  whoee  p<des  are  T,,  Yj,  T4,  Yy,  .T^ 
MDd  1 J  of  the  southern  hemisphere^  will  form  the  positive  seaLenoiiednm.     3%e 
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twelye   xemaining  fieuscs  if  produced  to  meet   each  other  will  form  the  negative 
scalenohedron. 

The  hexagonal  soalonohedron  is  bounded  by   twolTc  equal  and  similar  scalene 
triangles,  such  as  Ki  R,  Rj  (Fig.  278),  and  Kj  Ejo  E,  (Fig.  279) ;  it  has  two  six-faced  solid 


Fig.5 


Itg.  279. 


angles,  Kj  and  K2  (Figs.  278  and  279),  and  six  four-faced  solid  angles  Rj,  R^,  &c.,  Rq 
(Fig.  278),  and  R7,  Rg,  &c.,  Rjg  (Fig.  279).     The  four-faced  solid  angles  arc  joined 


Fig.  281. 


together  by  six  equal  edges,  such  as  R^  Rj  (Fig.  278,)  and  R^  R12  (Fig.  279).    These 
ec^es  correspond  to  the  edges  of  a  rhomboid  which  may  bo  inscribed  in  the  scAl<wis&kfc-  V. 
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dron,  with  the  same  azet  as  the  %ure  in  which  it  is  inscribed.  The  remaining  twelve 
edges  are  equal  in  pairs,  six  being  longer  and  six  shorter,  the  longer  and  ahoiter  edges 
j<niiing  the  six-faced  solid  angles  with  the  foor-foced,  altematelyy  aa  shown  in 
Figs.  278  and  279. 

To  draw  the  SexagotuU  Sedlenohednm.—Thovigji  the  hexagonal  scalenohedron  is 
derived  from  the  double  twelve-faced  pyramid,  by  the  derelopment  of  half  its  frees, 
and  might  be  constructed  from  that  figure,  it  is  more  readily  obtained  from  the  positive 
or  negative  rhomboid  which  may  be  supposed  to  be  inscribed  in  the  scalenohedron. 

Let  two  rhomboids  (Figs.  280  and  281)  be  drawn  as  directed  for  Figs.  269  and  270. 
Produce  C  P^  and  C  P,  to  Kj  and  K,  (Figs.  280  and  281),  make  C  E^  equal  C  £»  then 
(Fig.  280)  join  K^  Bj,  K,  R,,  &c.,  K,  Re;  K,  Rp  K,  R,,  &c.,  Kj  R«,  alao  in  Fig.  281 
join  Ki  R7,  Ki  Rg,  &c.,  Kx  R„;  Kj  R^  K,  Rg,  &c.,  K,  Rjj.  Fig.  280  will  giye  the 
positive,  and  Fig.  281  the  negative  scalenohedron,  the  combination  of  whose  faces 
together  would  giye  the  double  twelve-fSEu^ed  pyramid. 

Symboh,  —  If  m  P  n  be  Naumann's  pymbol  for  the  double  twelve -faced 
pyramid  from  which  the  scalenohedron  is  derived,    his  symbol  for  the  latter  will 

be  +      — —  1  or  —      — r —      according  as  the  scalenohedron  is  positive  or 

negative. 

Naumann's  symbol  for  the  rhomboid  inscribed  in   the  scalenohedron  whose 

symbol  is         o~  1  ^  -  R ;  and  C  K  is  equal  to  — — ^ —  times  C  P,  hence 

tn(2  —  rt)  ^ 

Naumann  chooses  the  arbitrary  symbol —^  -'  R2  — n  to  represent  the  scaleno- 
hedron I*" 2~  r 

To  describe,  therefore,  the  scalenohedron  derived  from  the  double  twelve-feced 

pyramid  m  P  tt,  we  must  describe  the  rhomboid  '^^   ""    ^R,  produce  C  Pi  and  C  P3 

n 

(Figs,  280  and  281),  and  make  C  K  equal  ^-^  times  C  P. 

Miller's  symbol  for  the   scalenohedron  is  »|aa-/1  ;  where  mz=-J—^^-^, 

and  M  =  T-£7  r  are  the  relations  between  Naumann's  and  Hiller^s  symbols  for  the 

same  form. 

NtUfor  the  SeaUnohednm*. 

Describe  the  triangle  RPj  P^  (Kg.  282)  as  in  Fig.  271,  to  form  the  net  of  the 
rhomboid  whose  symbol  is  **^   ~"  *'^R.     Bisect  Pj  P,  in  C,  produce  CPj  to  Ki,  make 

CKj  equal ^ZTi^ *™®'  ^^i»  produce  CP,  to  K,,  and  make  CK,  equal  CK^.  Join KjE 
and  K,R. 

Then  (Fig.  283)  draw  LM  equal  RP, ;  on  LM  describe  the  triangle  LMN,  having 
its  side  LN  equal  RKj,  and  its  aide  MN  equal  RK^    LMN  will  be  a  &ce  of  the 

n 

scalenohedron  R^  "  ",  and  twelve  such  iaces,  arranged  as  in  Fig.  284,  will 

/onn  the  net  required. 
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Potition  of  the  PoUt  of  ths  Hexagonal  Sealenohedron  on  the  Sphere  of  Ptrqfection, — 
If  mVn  be  the  symbol  of  the  double  twelve-faced  pyramid  from  which  the  scalenohe- 

_f*  —  1 
dron  is  derived,  take  an  arc  Mi  Sj,  such  that  tan  MSi  =  V^^T+Il'  "^"^  off  arcsMi  Sjj, 

Mj  Sj,  Mj  S5,  &c.,  M«  S^o,  M,  Sji,  as  in  Fig.  255.    Join  CSi,  CS,,  CS„  &c.,  CSjy    Let 
0  be   the   angular  distance  of  a  circle  of  latitude  from  C,  such  that  tan  0  = 

^  vn^  —  11  -)"  1  tan  a,  where  a  is  the  ftug"!"'  element  for  the  substance  of  the  crystal 
K,     given  in  pages  385  and  386.    Then  this  circle  of  latitude  will 
out  the  meridians  CSp  CSj,  CS,,  CS4,  &c.,  in  the  points  T^,  Tj, 
Vj,  V3,  &c.,  as  in  Fig.  255. 

Ti,T„V, 
faced  pyramid  on  the  sphere  of  projection. 


1,  Ty  Vi,  V„  &c.,  will  be  the  poles  of  the  double  twelve- 


Fig.  282. 


Fig.  283. 


Fig.  284. 


The  poles  Ti  V^  T3  V4  T4  V,  wiU  be  those  of  the  positive,  and  T,  Vj  T*  V,  T,  Vj 
those  of  the  negative  sealenohedron  on  the  northern  sphere  of  projection. 

The  arc  MS,  which  we  may  consider  the  longitude  of  the  pole  T,  from  the  meridian 
CMi,  we  shall  represent  by  the  symbol  <^. 

Faces  of  Sealenohedrona  and  other  formt  derived  from  the  Double  Twehe-faeed  Pyramide 
occur  m  Nature^  in  CryataU  of  the  following  aubetancee. 

The  form  —  13  P^l,  or  —  11  rH  Naumann;  8*5  4  Miller;  di  ^  HBrookeand  . 
Levy.    4>  =  3"  58',  in  Quartz  a  =  86' 24'. 

The  form  f  Pir*  ^^  ^*'  Naumann;  11  0  I  Miller;  d*  Brooke  and  Levy. 
9  =  4'  18',  in  Dioptase  0  =  54'  35'. 

The  form  }  P|,  or  J  R^  Naumann ;  7  1  2  Miller ;  d^  ^^  bi  Brooke  and  Levy. 
^  =  5'  49',  in  Pyrargyrite  0  =  52'  20'. 

The  form  — -APf  or  — -^Ri  Naumann;  22  19  2  MUler;  ^^  rfrV  bi  Brooke 
and  Levy.    <^  =  6'  35',  in  Quartz  0  =  36'  25'. 

The  form  f  Pf ,  or  Rt»  Naumann ;  0  7 1  Miller ;  cT  Brooke  and  Levy.  ^  =  6'  35', 
in  Dioptase  $  =  66'  55'. 

The  form  8  Pf,  or  6  Rt*  Naumann;  16  5  8  MiUer;  di  di  ^iV  Brooke  and  Levy. 
<^  =  6'  35',  in  Quartz  0  =  84'  3'.  \ 
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The  form  {P|,  or  | R^ Naumaim ;  7  1  OMffler;  3^ Brooke  and  Levy.  ^  =  r3.y, 
in  Calcitca=38'68'. 

The  form  ^  P^  or  R^'  Naumann ;  G  Ol  Miller ;  d^  Brooke  and  Leyy.  ^  =  7"*  35', 
in  Calcite  0  =  62"  IS*. 

The  form  f  P|,  or  4  R^»  Naumann  ;  6  1  0  Miller ;  d«  Brooke  and  Levy.  <f>  =  S^  57', 
in  Calcite  a  =38' 8'. 

The  form  f  Pf ,  or  R*»  Naumann ;  5  0  i  Millor ;  iP  Brooke  and  Levy.  ^  =  8^  5?, 
in  Calcite  6  =  63'  67'. 

The  form  6  Pf,  or  4  rJ»  Naumann;  4  12  Miller;  d^  dk  H  Brooke  and  Levy. 
(^  =  8"  67',  in  Dolomite  0  =  79=»  26',  and  Quaitr  9  =  81''  57'. 

The  form  \p  P^,  or  ^  RS»  Naumann ;  3  7  6  Miller ;  d^  di  h^  Brooke  and  Levy. 
(^  =  10'  64',  in  Corundum  a  =  68**  2'. 

The  form  ^  P^,  or  R^'  Naumann ;  0  4  1  ilillcr ;  d^  Brooke  and  Levy.  <^  =  10'  54', 
in  Apatite  6  =  69'  57',  Calcite  $  =  56'  26',  Emerald  0  =  56'  44',  and  Pyrargyrite 
0  =  54"  16'. 

The  form  —  ^  P^,  or  —  R^'  Naumann;  2  3  5  Miller;  «|  Brooke  and  Levy. 
<pz=:  10'  54',  in  Apatite  6  =  69'  57',  and  Emerald  0  z=  56°  44'. 

The  form  —  %p  I*t>  or  —  2  R"^»  Naumann ;  6  3  5  Miller ;  es  Brooke  and  Levy. 
4,  =  10'  54',  in  Calcite  0  =  71°  39'. 

The  form  5  P^,  or  3  R^'  Naumann  ;  10  2  5  Miller;  d^  dk  ^A  Brooke  and  Levy. 
^  =  10=*  64',  in  Quartz  0  =  80'  15'. 

The  form  I  Pjf,  or  R*»  Naumann;  11  0  3  Miller;  ^V  Brooke  and  Levy. 
4,=  IV  44',  in  Calcite  0  =  57'  35'. 

The  form  —  ^  P^,  or  —  -J  RI»  Naumann ;  T  3  5  Miller ;  di  rfi  b^  Brooke  and 
Levy.    ^  =  12^  18*,  in  Calcite  0  =  SS^*  89*. 

The  form  —  jPtor  —  JR-  Naumann;  11  14  2  Millor;  ^A  biv  ^J  Brooke  and 
Levy.    ^  =  13'  54'  in  Quartz  0  =  26'  58'. 

The  form  |  P  ^,  or  f  R-  Naumann ;  4  1  0  Miller ;  b*  Brooke  and  Levy.  ^  =  13'  54' 
in  Calcite  «  =  35'  26'  and  Pyrargyrite  $  =  33'  16'. 

Theform2  P  |,  or  R>  Nvmumn  ;  3  0  iMiUer;  <P  Brooke  and  Levy.  <^=13'54' 
in  Calcite  9  =s  60'  39',  Bioptase  0  =  65'  33*,  Hematite  a  =:  46°  4',  Phe&akite 
"  a  =  53*  87',  and  Tourmaline  0  =  42'  59'. 

The  form  —  2  P  f,  or  —  R-  Naumann ;  7  4  5  Miller ;  d^  d^  bi  Brooke  and  Levy. 
^  =  13*  54',  in  Dioptase  $  =  65'  33*. 

The  form  4  P  ^,  or  2R-  Naumann;  8  14  Miller ;  <r  rfi  4*  Brooke  and  Levy. 
^  =  13*  64*  in  Quarti  0  =  77'  41'. 

The  form  —  4  P  |>  or  —  2  R=  Naumann;  2  12  Miller;  ei  Brooke  and  Levy. 
^  =  18*  ^4\  in  Calcite  a  =  74="  18*,  Phenakite  a  =  70"  (T,  Quartz  $  =:  TT  41',  and 
Tourmaline  0  =  61^  47'. 

Thefwrn  —  V^V^^f— fR^  Nammann;  16  17  8  MHler;  /f/lr  ^  rAr  ftooke and 
Levy.     ^  =  15^  18%  in  Quartz  0  =  76^  31'. 

T!iel^>nn|P^oriRlNattmaim;16lMiIkr;  i^BrookeajidLflTT.    f=16'6', 
I    in  Apatite?  a  =  5^*  44'. 
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The  form  —  ^  P  ^,  or  —  J  H  J  Naumann ;  3  6  2  Miller ;  di  (A  b'S  Brooke  and 
Levy.    <t>  =  16**  6',  in  Apatite  0  =  56'  44'. 

The  form  —  V*  I*  1>  or  —  f  R^  Naumann ;  5  5  9  Miller ;  eo  Brooke  and  Levy. 
<t>  =  16°  6',  in  Calcite  0  =  53°  52'. 

The  form  ^  P  ^»  or  R^  Naumann ;  0  5  2  Miller ;  d^  Brooke  and  Levy.  <f>  =  16°  6', 
in  Apatite  0  =  75°  0',  and  Calcite  0  =z  64''  2'. 

The  fbrm  —  ^  P  ^,  or  --  R*  Naumann ;  3  4  2  Miller ;  d^  d^  b^  Brooke  and  Levy. 
<p  =  16°  6',  in  Apatite  e=  76°  0'  and  Calcite  0  =  64°  2'. 

The  form  —  ^  P  \p,  oi^  jB.^  Naumann ;  14  16  7  Miller;  d^  d^  b^  Brooke 
and  Levy.    ^  =  17°  0',  in  Quartz  6  =  75°  7*. 

The  form  —  |  P  J,  or  —  ^  R^  Naumann;  0  2  3  Miller;  b^  Brooke  and  Levy. 
^  =  19°  6',  in  Calcite  0  =  27°  34'. 

The  form  |  P  f ,  or  i  R^  Naumann ;  3  1  0  Miller;  i^  Brooke  and  Levy.  <^  =  19°  6', 
in  Calcite  0  =  33°  8',  Phenakite  0  =  26"  45',  Proustite  0  =  31°  32',  and  Pyrargyrite  0 
=  31°  2'. 

The  form  ^  P  f ,  or  ^  R^  Naumann  ;  5  1  1  Miller ;  e^  Brooke  and  Levy.  <t>  =  19°  6', 
in  Corundum  0  =r  59'  1',  Hematite  0  =  58°  57',  and  Pyrargyrite  0  =  43°  55'. 

The  form  f  P  ^,  or  —  J  R^  Naumann;  112  Miller;  e^  Brooke  and  Levy. 
0  =  19°  6',  in  Calcite  0  =  52°  33',  Dioptase  0  =  58°  13',  Hematite  0  =  64'  17', 
Phenakite  0  =  45°  14',  Pyrargyrite  50°  17',  and  Tourmaline  0  =  34°  22'. 

The  form  ^'P^yOT^'R^  Naumann  ;  11  1  4  Miller ;  V  ^  rr  ii  Brooke  and  Levy. 
(p  =  19°  6',  in  Pyrargyrite  0  =  Se^*  24'. 

Tho  form  —  V  I*  f »  or  -  |  R^  Naumann;  5  3  7  Miller ;  d^  ^^  bi  Brooke  and 
Levy,     (f)  =  19°  6',  in  Calcite  0  =  64°  25'. 

The  form  3  P  f  or  R3  Naumann ;  2  Q  f  Miller ;  d^  Brooke  and  Levy.  ^  =  19=  6', 
in  Calcite  0  =  69°  2',  Chalyhite  0  =  58°  35',  Dolomite  0  =:  68'  32',  Eudialyte  0  =  81'  11', 
Hematite  0  =  76°  28',  Phenakite  0  =  63°  38',  Proustite  0  =  67°  50',  Pyrargyrite 
^  =r  67"  27'y  and  TourmaUne  0  =  58°  49'.  Calcite  has  an  imperfect  cleavage  parallel 
to  this  form. 

The  ferm  —  3  P  J,  or  —  R'  Naumann ;  4  2  5  Miller ;  d^  di  b^  Brooke  and  Levy. 
ip  =  19°  6',  in  Calcite  0  =  69'  2'  and  Quartz  0  =  73°  26'. 

The  form  V  P  f  >  or  ^  R3  Naumann ;  15  19  Miller ;  d^d^b^  Brooke  and  Levy. 
^  =  19°  6',  in  Calcite  0  =  76°  32'. 

The  form  — 6Pf,  or  —  2  R^  Naumaxm;  31  3Miller;  e^  Brooke  and  Levy. 
<l>  =  19=  6',  in  Calcite  0  =z  79°  9',  Hematite  0  =  83'  8',  and  Pyrargyrite  fl  =  78'  16'. 

The  form  V  ^  V»  or  rV  Naumann;  7  0  4  Miller;  (^  Brooke  and  Levy. 
^  =  19°  6",  in  Calcite  0  =  72«  30. 

The  form  —  2  P  |,  or  —  ^  R*  Naumann ;  3  2  5  Milleir;  ^  c^  b^  Brooke  and 
Levy.    <^  =  19'  6',  in  Calcite  0  =  59'  55', 

TUfana  — I  P|,  oar  — 4R*  Naumann;  10  H  SMiller;  rf  A  rfi  *A  Brooke  and 
Levy,    p  =  21°  47',  in  Quartz  0  =  71'  21'. 

The  form  4  P  |,  or  R*  Naumann ;  5  0  8  Miller ;  di  BrocAe  and  Levy.  <p  =  21'  47', 
m  Calcite  ^=73' 51. 
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The  form  )  P  ^,  or  ^  R«  Naumann ;  4  1  1  Miller ;  e^  Brooke  and  Leyy.  ^  =  23'*  25', 
in  Corundum  $  =  69**  45',  Emerald  $  =  47°  24',  and  Hematite  $  =  69**  41'. 

*•  The  form  — JP^,  or  — JE»  Naumann;  6  11  4  Miller;  <?i  «rft  ftl  Brooke  and  Levy. 
ip  =  2r  25',  in  Emerald  0  =  47°  24'. 

The  form  —  V  P  J,  or  —  4  R*  Naumann;  3  3  7  Miliar;  ^,  Brooke  and  Levy. 
<l>  =  23='  25',  in  Calcite  0  =  50"  62'. 

The  form  ^  P  ^,  or  J  R*  Naumann ;  4  11  2  Miller ;  ^  d^  bi  Brooke  and  Levy. 
^  =  23°  26',  in  Quartz  0  =  61°  33'. 

The  form  —  J  P  |,  or  —  J  R*  Naumann ;  2  1  3  Miller ;  d^  di  b^  Brooke  and  Levy. 
^  =  23°  25',  in  Calcite  6  =  66°  4',  and  Hematite  0  =  73°  42'. 

The  form  6  P  ^,  or  R»  Naumann ;  3  0  2  MiUer ;  d*  Brooke  and  Levy.  ^=23°  25', 
in  Calcite  9  =  76°  55\  Emerald  0  =  77°  3',  Proustite  0  =  76°  7',  Pyrargyritc 
0  =  76°  51',  and  Tourmaline  0  =  66°  4'. 

The  form  —  6  P  ^,  or  —  R*  Naumann ;  2  8  7  Miller ;  d^  dii  b^  Brooke  and  Levy. 
^  =  23°  26',  in  Emerald  0  =  77°  3'. 

The  form  —  i^  P  y,  or  —  J  R«  Naumann ;  U  22  7  MiUer;  <rf»  <rV  jA  Brooke  and 
Levy.    <p  =  24°  30',  in  Quartz  0  =  69°  20'. 

The  form  -^  P  }  or  -jij,  R'  Naumann;  7  3  0  MiUcr;  bi  Brooke  and  Levy. 
^  =  26°  17',  in  Calcite  0  =  37°  37'. 

The  form  —  J  P  J,  or  —  i  R^  Naumann;  2  2  5  Miller;  ^5  Brooke  and  Levy. 

^  =  26**  17',  in  Calcite  $  =  67°  1'. 

The  form  J  P  },  or  J  R'  Naumann ;  5  1  2  Miller ;  d^  d^  b*  Brooke  and  Levy. 
^  =  25°  17',  in  Pyrargyrite  0  =  64°  9'. 

The  form  7  P  },  or  R'  Naumann ;  4  0  3  MiUer ;  rf*  Brooke  and  Levy.  <p=  25°  17', 
in  Calcite  0  ==  82°  36',  and  Pyrargyrite  0  s=  79°  46^. 

Theform  — f  P{,or  — i  R*  Naumann;  6  1  4MiUer;  <^  ctl^i  Brooke  and  Levy. 
^  =  26°  20',  in  Dolomite  0  =  74°  68'. 

The  form  9  P  f,  or  R*  Naumann ;  6  0  4  MiUer ;  di  Brooke  and  Levy,  ^  =  26°  20*, 
in  Calcite  0  =  82°  3o'. 

The  form  11  P  V,  or  R^^  Naumann;  6  0  5  MUler;  t^  Brooke  and  Levy. 
if,  s=  27°  0*,  in  Calcite  0  =  83°  56*. 

The  form  12  P  |4,  or  R>3  Naumann;  1  3  0  U  MiUer;  d^  Brooke  and  Levy. 
^  s  2r  16',  in  Calcite  0  =:  84°  26'. 

Oiktrfomu  deritHdfirom  tA€  Douik  Twtke-faeed  JP^rttmkt.^U  the  faces  of  the  upper 
pyramid,  whose  poles  are  marked  hy  T|  Y^  T,  Y,  T^  and  Y^  (Fig.  256),  are  prodnoedto 
meet  the  correqKmding  &ces  of  the  lower  pyramid ;  the  resulting  form  wiU  be  a  dauNe 
ns-fitetd  pjfrwmd  similar  in  form,  but  different  in  position  to  the  donUe  six-ftced 
pyramids  derived  from  those  of  the  first  and  second  order.  The  remaining  tweWe  frees 
being  produced  to  meet  eaeh  other  wiU  piodnee  a  similar  donUe  ft  r  /srfif  jyn— I'rf. 

From  these  thmiU  nx-faitd  pyrmwM$y  rhamhoidt  tmd  dmMt  ikm-fme^d  f^rmmUk  may 
be  produced  by  producing  half  their  &oes  to  meet  eaeh  other. 

If  the  altonale  frees  of  the  nppor  pyramid,  whose  poles  are  T^  Y,  T,  Y,  T^  snd  Tj 
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(Fig*  255),  T>B  produced  to  meet  tho  faces  of  the  lower  pjrtniiid  corresponding  to  Vj  Tg 
Yj  T4  V4  and  Te,  the  reaulting  figure  will  be  a  double  «tjr-/ac«i  trapfzah^drnn. 

Half  tho  faeci  of  this  trapL^aohcdron^  namely  thoso  corresponding  to  Tj  Tj  and  T^^ 
for  tbe  upper  pyramid,  and  T^  Tj  and  T^  for  the  lower,  when  produced  to  meet  will 
form  a  d&u&ld  three-faced  trupesohtdran.  This  figure  muy  also  be  formed  by  producing 
the  altemd^te  faces  of  the  upper  part  of  tbo  Bcalenoliedxon  to  meet  th«  nltenmte  foeca  of 
the  low^r  ncalenohedron  which  do  not  correspond  to  them, 

TIi€  d&ttbh  thrsi^faced  trupetokedron  may  bo  regarded  as  a  himihedml  form  of  either 
the  double  stx^factd  irapezohedron  or  thc^  h^fix^s^onfii  sc&lettQhedroH,  and  consequently  a 
tetartchtdfai  foi'm  of  the  douMo  twelyo- faced  pyramid.  The  forms  of  quartz  given 
under  the  head  of  scalcnohcdrona,  generally  present  in  tlieir  combinatloni  iMs  epecics 
of  the  Utariohtdral  fonns, 

PRIXCIPAI*   COMBINATIOKa  OP  THE  UHOMBOHEDEAL  SYSTEM, 

Fig.  2S6*  Comhinatioii  of  the  imtbk  siic-fm^  pj/ramid  of  the  second  order ^  with  the 
htx9ffimai  priitm  of  th«  Heond  order,    a,  facoa  of  the  negatiTo  rhoaihoid  —  R  Nfluraann, 


Fig.  25  7< 


Fig.  2^8. 


1  2  2  MillcTj  t^  Brooke  and  Levy,  i,  faces  of  the  negative  rhomboid  H  Naumann, 
10  0  Miller^  and  P  Brooke  and  Levy,  e^  facea  of  the  h&:sagoaal  prism,  of  the  second 
order,  00  P  Kau!nan%  2  11  MiUdt,  and  «''  Brooko  and  Levj^ 

Fig.  287.  Comhination  of  the  double  stx-fm^d  pyramid  of  the  second  srdsr  with  the 
hexagofml  prism  cf  the  first  order,  ff ^  facea  of  the  negative  rhmnhmd.  b,  faces  of  the 
posititfe  rhomboid,  e,  faeea  of  the  hexagonal  prism  of  the  first  order,  00  P  2  Naumann, 
0  1  f  Miller,  and  d^  Brooke  and  Levy. 

Fig.  2S8.  CombmatioTi  of  the  he^agmal  priitn  of  the  sec&nd  order  with  the  dtm&h 
tis-faeed  pyramid  of  the  secoitd  order ^  a^  faces  of  negative  rhomboid*  hf  face^  of 
pesitLTe  rhomboid,     c,  faces  of  hexagonal  priBm  of  the  second  ord^r* 

Fig,  289,  Combination  of  two  positive  rhomboids,  r,  facea  of  the  rhomboid  whoee 
symbols  are  E  Naumann,  10  0  Millerj  and  P  Brooke  and  Levy,  s,  facea  of  ^e 
rhomboid  whose  eymbola  are  2  E  Naumann,  5  11  Miller,  e*  Brooke  and  Levy, 

Pig,  290,  Comhination  of  a  poaitivo  and  nogatiTe  rhomboid,  r,  facea  of  the 
rhomboid  2  R  Naumann,  5  11  Miller,  ^  Brooke  and  Levy,  s,  faces  of  the  rhomboid 
—  B  Naumann,  12  2  Miller,  e^  Brooke  and  Levy. 
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Fig.  291.  0<»iibl]ifttio&  of  ft  BOftleftohedron  and  rhOmMd*    r^  flkeM  of  tike  lliomVoSd 


rig.  289. 


Fig.  290. 


rig.  291. 


R  Kaumann,  10  0  Miller,  P  Brooke  ftnd  LeTy.     t,  faces  of  the  BOBlenoliedron,  B^ 
Naumaim,  2  0  TMiller,  d^  Brooke  and  Levy. 

Fig.  292.  Combination  of  the  positive  rhomboid  with  the  hezagotial  ptkm  of  the 
first  order,    r,  feces  of  the  rhomboid,    e,  iaaeM  of  the  prism.       -  _ 


Fig.  292. 


mg,  J93. 


Fig.  iH. 


Fig.  293.  Combination  of  a  positive  scalenohedron  with  the  hexagonal  priam  of  the 
second  order,    t^  faces  of  scalenohedron.    c,  faces  of  prism. 

Fig.  294.  Combination  of  a  positive  scalenohedron  with  the  hexagonal  piiam  of  the 
first  order,     tj  faces  of  scalenohedron.    e,  faces  of  prism. 

Fig.  295.  Combination  6f  hexagonal  prism  of  the  second  order  with  positire 
rhomboid.    <r,  faces  of  prism.    R,  faces  of  rhomboid. 
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Fig.  296.  Oambinatioa  of  hexagonal  priam  of  the  fint  order  with  a  poaitire  rhomboid. 
e,  fiacea  of  priam.    B,  faces  of  rhooaboid. 


Fig.  295.  Fig.  296.  Fig.  297. 

Fig.  297.  Complex  combination  of  forms  in  a  crystal  of  Beryl. 

m,  face  of  basal  pinacoid,  0  P  Naumann,  111  Miller,  a^  Brooke  and  Levy. 

P,  faces  of  the  double  six-faced  pyramid  P  Naumann ;  or  faces  of  the  rhomboid  R 
Xaumann,  10  0  Killer,  P  Brooke  and  Levy,  and  the  rhomboid  —  R  Naumann,  T  2  2 
Miller,  e^  Brooke  tad  Levy. 

Uy  faces  of  the  double  six-faced  pyramid  2  P  Naumann ;  or  faces  of  the  riiomboid 
2  R  Naumann,  6 1 1  Miller,  ^  Brooke  and  Levy,  and  of  the  rhomboid  —  2  R  Naumann, 
1 1 1  Miller,  e^  Brooke  and  Levy. 

8,  faces  of  the  double  six-faced  pyramid/  2  P  2  Naumann,  14  2  Miller,  d^  d^  b^ 
Brooke  and  Levy. 

V,  faces  of  the  scalenohedron  R^  Naumann,  2  0  1  Miller,  d^  Brooke  and  Levy. 

X,  faces  of  the  scalenohedron  --'  R^  Naumann,  4  2  5  Miller,  d^  d^  bi  Brooke  and 
Levy. 

X  and  v,  together,  giving  the  faces  of  the  double  twelve-faced  pyramid  3  P  ^ 
Xaumann. 

M,  faces  of  the  hexagonal  prism  oo  P  Naumann,  2  11  Miller,  c^  Brooke  and  Levy. 

Fig.  298.  Complex  combination  of  forms  in  a  crystal  of  Apatite. 

P,  face  of  basal  pinacoid,  0  P  Naumann,  111  Miller,  a}  Brooke  and  Levy. 

M,  faces  of  the  hexagonal  prisms,  co  P  Naumann,  2  11  Miller,  e^  Brooke  and 
Levy. 

e,  fSaces  of  the  hexagonal  prism,  oo  P  2  Naumann,  Oil  MiUor,  d^  Brooke  and 


ic-vy. 


a,  faces  of  the  pyramid,  P2  Naumann,  5  2 1  Miller,  d^  d^  B^  Brooke  and  Levy. 
8j  faces  of  the  pyramid,  2  P  2  Naumann,  14  2  Miller,  d^  di  b^  Brooke  and  Levy. 

dj  faces  of  the  pyramid,  4  P  2  Naumann,  17  6  Miller,  d^  dr  ^i  Brooke  and  Levy. 
X,  faces  of  the  pyramid,  P  Naumann ;  or  of  the  rhomboids,  R  Naumann,  100  Miller, 
P  Brooke  and  Levy;  and  —  R  Naumann,  12  2  Miller,  e^  Brooke  and  Levy. 
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c,  faces  of  the  pyramid,  2  P  Haum^iLn  ;  or  of  the  rhomboids,  2  B  Kaumsim,  6  1  1 
Miller^  ^  Brooko  and  Levy ;  and  of  ^ —  2  R  HaumaoB,  111  MiUer,  e^  Brooke  aficl 
Lerj-. 

r,  faces  of  the  pyramid,  ^  P  Naumann ;  or  of  the  rhomboidsi  J  R  Na^mann,  4  1  i 
Miller,  a*  Brooke  and  Leyj  j  and  of -»  |  R  Naumann,  Oil  Hill^rj  and  b^  BrtK>ke  and 
Levy*  , 


S^     R 

■:r> 

>^ 

^       7" 

-X^ 

t       X 

;^-> 

"C       J        "' 

,  *  -, 

S'-^ 

^                e 
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(^ 

M 

^ 

u 

V          / 

* 

h              J 
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Fif.2^. 


Fie.  Sfl^, 
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Fig.  299,  Complex:  combination  of  forms  in  a  crryatal  of  calcareous  spar. 
F,  &cea  of  the  rhomboid,  B  NaunuuuLf  10  0  Miller,  P  Brooke  and  Leyy^ 
»%  faces  of  the  rhomboid,  4  E  Namnann,  3  11  MBl^,  ^  Brooke  and  Levy* 
^j  &cei  of  the  sc4ilenohedron,  R^  Kaiunann,  S  0  2  Milier,  rf^  Brook©  and  Lctt. 
r,  faces  of  the  scalenohedmn,  R^  Saumoim,  2  0  1  Miller,  ^  Brooke  and  Lctj. 
-,  facoi  of  the  scalenohcdron,  \  W  Naamftmij  lo  T  9  Hiller,  4^  ^  h'i^  Bfoob 
and  Levy. 

j",  faces  of  the  hexagonal  pnsnif  ^  P  Naumann,  2  11  Miller  f  ^  Brooke  and  Lery* 

Fig.  300.  Complex  combination  of  forms  in  a  crystal  of  quartz, 

F,  faees  of  the  p j]ramid,  P  Naumann ;  or  of  the  Thomboidi,  R  Kaumanni  10  0 

Millet,  P  Brooke  and  Lery  ;  and  —  R  Naumann,  12  2  Miller,  e^  Brooke  and  l-cvy. 
h^  faces  of  the  pyramid,  |  F  Naumann ;    or  of  the  rhomhoids,   f   R  NaumsAn, 

13  1  2  Miller,  eV  Brooke  and  Levy ;  and  —  f  B  Nanmfmn,  7  8  8  Milkr,  «i  Bi«oke 
utdLevy* 

m  faces  of  the  pyramid,  3  P  Nanmaim ;   or  of  tbe  rhomboids,  3  R  NannuDuif 

1%%  Miller,  i »  Brooko  and  Leyy ;  and  —  3  R  Kaiimaa%  5  4  4  MiU^,  et  Bfooke  and 
IjHTy. 

a  faces  of  ^e  pyramid,  i  P  Naumtim  ;  or  of  the  rhomboids,  4  E  Xaumann,  3  i  1 

Milkr,  ^  Brooke  and  Levy^  and  —  4  R  Nanmans,    7  o  6  MiHer,    ^i  Brooke  sad 
liery, 

i  &£ca  of  a  donble  three-foecd  pytamid  deriyed  from  tlie  doable  dx>&ced  p^nsud, 

2  P  2  Kaumann,  14  2  MiU(^,  ^  ^^  ^  Brooke  and  Lery. 
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0  fjftoei  of  the  double  three-fftced  trapejEohedron  derived  from  the  soale&ohedron 

—  B'  Kaumaxmy  4  2  5  Miller,  d^  tf »  b*  Brooke  and  Levy. 

X  faces  of  the  double  three-fiiced  trapezohedron  deriyed  from  the  sc^Ienohe^ron  2  B^ 

Kaumaiuiy  8  1*4^  Miller,  d^  di  bi  Brooke  and  Levy. 

g  fSetoea  of  the  trapezohedron  3  B^  Nanmann,  10  2  o  Miller,  d^  d^  b"^  Brooke 
and  Levy. 

tt  faces  of  the  trapezohedron  4  B^  Kaumann,  4  12  Miller,  d^  d^  b^  Brooke  and 
Leyy. 

if  faces  of  the  trapezohedron  6  B^  Naumann,  16  5  8  Miller,  di  d^  &t7  Brooke  and 
Levy. 

r  faces  of  the  hexagonal  prism  «  P  Kaumann,  2  1  1  Miller,  «-  Brooke  and 
Levy, 

d  faces  of  the  dihexagonal  prism  oo  P  §  Naumann,  6  14  Miller,  rf'  d^  b^  Brooke 
and  Levy. 


POUBTH  SYSTEM — ^PRISMATIC  OR  RHOMBIC. 

This  system  is  caBed  the  Frismatie  or  Rhombic^  as  its  forms  may  be  derived  cither 
from  the  prism,  or  octahedron  on  a  rhombic  base.  It  has  also  been  called  the  ortJwtype 
and  the  one  and  one  axial  system. 

The  holohedral  forms  of  this  system  are  a  right  prism  on  a  rectangular  base,  three 
kinds  or  orders  of  right  prisms  on  a  rhombic  base,  and  the  double  four-faeed  pyramid  on 
a  rhombic  base.  The  hemihedral  form  is  the  rhombic  sphenoid  derived  from  tiie  double 
four-faced  pyramid. 

A^habetieal  list  of  Minerals  belonging  to  the  Prismatic  System,  with  the  Angular  Elements 
from  which  their  Typical  Forms  and  Axes  may  be  derived. 


Aeaehynite 

Alstonite 

Amblyi 


AndalQsite 

Anglesite  (sulphate  of  lead) . 

Antimonsilber 

Antimonite 

Aragomite  (carbonate  of  lime) 

Baiyte  (snlphate  of  barytes)   • 

Biamathine 

Bonmonite  . 

Broehantite 

Brookite  . 

Oaledonite  (onpreoias  solphato- 

carbonate  of  lead) 
Celeatine  (sulphate  of  strontian) 
Ooussite  (carbonate  of  lead) 
Cbildrenite  • 

aOoanthite 
Chrysoberyl 
Comptonite 
Cordierite 
Ootnnaite 

Cryolite  •  •  • 

Datholite. 


26O20';    330  46' 
30°  84^;    86<>27' 
Unknown. 
44°  38';    350   y 


38»  11'; 

520  16' 

30°   C; 

33053' 

44037'; 

45°  3^ 

310  55*. 

350  47' 

Dofrenite  (phosphate  of  iron) 

EpIstUbite 

Bpsomite  (salphate  of  magnesia) 

Xoehroite  •  • 


390  IC;  520  42' 

440  SC;  Unkn. 

430  IC;  410  58' 

37055';  140   4' 

400   5';  43022* 

42°  SC;    54031' 
370  59*;    520   4' 
810  23';    350  52* 
340   3';    820  44' 
Unknown. 
250  11';    30O   7' 
Unknown. 
30=>2y;    290  11' 
40°   7';    260  38' 
Unknown. 
380  22';    260  34' 
430   4';    30O89' 
Unknown. 
220  25';    160  lO* 

44043';     290  4Jjr 

8I02O';    460   4' 


Endnophite            .             . 

Unknown. 

Fayallle  . 

420  40'; 

490  11' 

FluelUte  . 

370  33'; 

6I0  58' 

Gadolonite 

30O15'; 

50°  3«' 

Ghiscrite  (sulphate  of  potash) 

29048'; 

360  44' 

Glaucodote 

Unknown. 

Goslarite  (sulphate  of  zinc)  . 

440  39*; 

29058' 

Q5thite    . 

42^  8^; 

310  1.V 

Haidingeritc 

400    C; 

260  31 » 

Harmotome 

440   7'; 

3404/' 

Herderite 

32^   3'; 

230    1' 

llvaite     . 

84=>  24'; 

240  81' 

Jamesonite 

390  20'; 

Unkn. 

Karstenite  (anhydrous  sulphate 

of  Unas) 
Leadhimte  (snlphato-oarbonate 

410  42'; 

440  25' 

of  lead) 

29'  SO*: 

510  37. 

Ubethenite  (phosphate  of  copper)  430  SC; 

350   4' 

Llroconite  (octahedral  arseniate 

of  copper) 

30O  20*; 

880  20' 

Loganite  . 

Unknown. 

LSlingite  . 

280  47'; 

410  10* 

Manganite 

40O  IV; 

280  85' 

Maroasite 

360  57': 

499  60' 

Mascagnine  (sulph.  of  ammonia)  290  26''; 

360  10' 

Mendipite 

Unknown. 

Mengite   . 

210  50'; 

19014' 

Mesotype . 

440  30'; 

190  24' 

Mispickel 

340   9; 

4«o  a«r 

Monticellite 

4lo   5'; 

480  46^ 

INORGANIC   NATURE.— No.  XIV. 
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89>40';    AVIV 

BUunlite 

»>W;    840  2G 

8(y>sy;  35'  r 

Stephanite 

82»iaj    84°  26" 

Sternbergite 

ao»iy;  4»>  or 

iSMy;    WPS5' 

Stilbite    . 

42<»58';    87'  4' 

Strontia&lte    0M'boiuit6  of 
■trontiaa 

80'   5';    83'   (f 

Sl°2r;    85' 5* 

Unknown. 

Btroneyerite 

80°  If;    44"  8* 

44' 24';    34"  Sy 

StruvUe   . 

28°  85';    81' 84' 

26' 84';    1«»4»' 

Salphar    . 

89-  1';    62°  1? 

43' 34';     31'    0* 

Sylvanite . 

34°  ST;    81°  lO' 
89°  14';    83°  ff 

Unknown. 

TantaUte  . 

20'   C;    18' 53' 
Sy    7';    81"  24' 

Thenardite  (faliAute  offloda) 
Thermonatrite  (prismatic  our- 

WWi    QiPW 

Unknown. 

bonate  of  soda) 

20^    1';  -48°   » 

40'   2';    40'    9* 

Topaz 

27°  50';    43^81' 

430 IC;    20»  or 

Unknown. 

ganese) 

Unknown. 

30' 12';    44'    8' 

TyroUte   . 

Unknown. 

88*50':    370  10* 

Yalentinite 

21°  81';    54°  44' 

23' 36';    81°  51' 

Wavellite 

26°  47';    20°  8* 

89' 40*;    41' 16' 

Witherite  (carbonate  of  barytes 

30' 45*;   -86°  8? 

Unknown. 

Wolchite . 

Unknown. 

Wolfram  (tongttate  of  iron) . 

»°   7*;    40°46' 

40' 59';    43' 39' 

Wolfsbergite 

22°^;    Uakn. 

Zinckenite 

29°  40';    8'  Sir 

38'    3';    25' 46' 

ZwiseUte  . 

Unknown. 

Kiobite    • 

Nitre  (nitrate  of  potash) 

Olivezute  (right  prismatic  ar- 

semateofcoBper) 
OUvine     . 
Orpiment 
Patrinitc  . 
PbiUipsite 
Pierosmine 
Polionlte  . 
Polyhalitc 
PoJykrase 
Polymignytc 
PorzcUanspath 
Prehnite  . 
Pyrolosite 
Pyrophvllite 
Redruthito 

RemoUnite  (muriate  of  copper) 
Koselite    . 
Samarskite 
Schulzite 
Soorodite  (martial  arseniatc 

of  copper) 
Smithsonite  (siliccouti  oxide 

of  zinc) 

The  Bight  XlectanguUv  Priam.— The  right  rectangulsr  prism,  or  the  right 
prism  on  a  rectangular  base,  ia  a  solid  foxm  bounded 
by  six  faces ;  these  faces  are  all  rectangnlar  paral- 
lelograms, and  equal  to  each  other  in  pairs ;  thus 
(Fig.  301),  the  face  B|  B»  B^  B4  is  equal  to  th« 
face  Bg  Be  B,  B„  B^  B.  Be  B»  to  B4  B»  B7  B^  and 
BiB^BaB^toB,  BcB^'b.. 

Modem  writers  consider  this  prism  as  a  com- 
bination of  three  op«n  forms,  each  fonn  ooDsilfciilg 
of  a  pair  of  parallel  faces ;  the  bases  of  the  prism 
are  then  called  the  basal  pinaeoidsf  the  wider  sides 
madro^viaeaidtj  and  the  narrower  hi'ochy-pinaeoitk* 

Axes  of  the  Right  Rectangular  JPristn  and  the 
PrUmatic  System.— Join  B^  B,,  and  B,  B4,  euttin^ 
each  other  in  Pj,  also  B,  Bg-and  B^  B7,  cutting  each 
;  other  in  P,.  Bisect  B^  B^,  B,  B^,  B3  B^,  and  B4  Bg 
in  the  points  Mj,  M,}  ^3  ^^^  ^i*  J<^^t^  ^i  ^ 
M^  M3,  M3  M4,  and  M4  M^.  Bisect  M.  M,  and  M3  M4 
in  the  points  61  and  G2,  tCrxd  M|  M4  and  M,  Hs  in 
Hi  and  Hj.  Join  Pj  Pj,  Hj  H,,  and  Gj  Gj,  •cutting 
each  other  in  C.  The  three  lines  P|  Pj,  Hi  H2,  and  G|  G,,  which  are  at  ri^t 
angles  to  each  other,  are  the  Mxes  of  the  rectangular  prmtt,  and  also  of  tiie 
vrismati'c  system,  P^  P3  is  called  the  principal  axis,  and!  H^  H3  and  Gi-Gjihe 
secondary  axes. 

Jhuraiaetezs; — The  semi-a]^  CPi,  CG,,  and  Ofi^,  arc  the  parameters  of  the 
prismatic  tystcm  ;•  the  length  of  CGj  is  perfectly  arbltraiy,  but  its  length  once  chosen, 
the  lengths  of  CP^  and  CHi  depend  upon  the  angular  elements  alrcacCy  given.*  &r  each 
mineral  belonging  to  the  system.  • 

To  determine  CP^  and,CHi  draw  CG  (Pig.  d02)  of  any  eonTcnietti  ki^^lili^  ta  the 
ffrbiimry  unit  of  the  system  of  axes. 


.^ 


^ 


X«- 
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Bntv  OP  perpondicalar  to  GC.  Lst  a  be  the  angle  girm  in  the  fint,  and  $  the 
angle  given  in.  the  second  oohmm  of  the  angular  elements. 

Draw  HG  making  the  angle  a,  and  PG  making  the  angle  fi, 
with  GC. 

Let  H  and  P  be  the  points  where  GH  and  GP  meet  the  per- 
pendicular CP. 

For  Aeschynite,  the  angle  OGH  is  26°  20',  and  the  angle  CGP 
33**  46'^;  for  Alitonite,  the  angle  CGH  is  30*  34',  and  the  angle  CGP 
36°  28' ;  and  so  on  for  the  other  substances  belonging  to  the 
prismatic  system. 

The  Knes  OG,  CH,  and  CP,  thus  determined,  are  the  parameters 
of  the  prismatic  system ;  it  appears,  therefore,  that  the  axes  of 
this  system  are  rtctangukvr,  and  its  three  parameiera  all  unequal  to 
each  other. 

To  draw  the Hight  Rectaitgular  Pm/w.— Draw  Bg  B^  (Fig.  301)  equal,  to  twice  GC 
(Fig.  302).    Through  Bg  draw  Bg  B^,  making  an  angle  of  about  30°,  with  Bg  Bj. 

Make  Bg  B7  equal  to  CH  (Fig.  302).  Through  B5  draw  Bg  Bg  equal  and  parallel  to 
BgB,;  joinB,B,. 

Through  Bg  draw  Bg  B4  perpendicular  to  Bg  B,  and  equal  to  twice  CP  (Pig.  302). 
Through  Bg,  B^  and  B,  draw  B^  B^,  Bg  B,,  and  B7  B3  parallel  and  equal  to  B,  B4. 
Join  the  points  B^  B,  B,  and  B4,  and  the  prism  will  be  represented  in  perspective. 
Symbols. — ^Each  face  of  the  rectangular  prism  cuts  one  of  the  three  axes  at  a  dis- 
tance from  C  (Fig.  301),  the  centre  of  the  axes,  equal  to  the  length  of  one  of  the 
parameters,  and  is  parallel  to  the  other  two  axes: 

The  two  basal  pifMcoidSy  or  extremities  of  the  prism  B^  B^  B,  B4  and  B5  Bg  B7  Bg, 
cut  the  axis  Pi  P,  in  the  points  Pi  and  P^,  and  are  parallel  to  the  axes  G^  G,  and  H]  Hj. 
The  symbol  which  represents  the  relation  of  lihesc  faces  of  the  prism  to  the  axes 
is  00  00  1.       ■ 

Naumann's  symbol  is  OP ;  Miller's  0  0  1;  Brooke  and  Levy's  modificalion  of 
Haiiy  is  P,  when  they  regard  the  right  rhombic  prism  ^  the  primitive  form  of  the 
crystal. 

The  two  maorO'pimcoids,  or  broader  sides  of  the  prism,  Bj  B4  Bg  B5  and  Bj  Bj  B7  Bg 

cut  the  axis  Hi  Ho  in  the  points  Hi  and  Hj,  and 
are  parallel  to  the  axes  Pj  Pg  and  Gi  Gj.  The 
symbol  representing  this  relation  is  00  1  00 . 

Naumann's  symbol  is  oc  P  qo  ,  Miller's  010, 
Brooke  and  Levy's  H. 

The  two  brachy-pinaeoidSf  or  narrower  sides 
of  the  prism,  Bj  B^  Bg  B4  and  B4  Bg  B,  Bg,  cut 
the  axis  G^  Gg  in  the  points  Gj  and  Gj,  and  are 
parallel  to  the  axes  Hi  H2  and  Pj  P^.  The 
symbol  representing  this  relation  is  1  00  00 . 
Naumann's  symbol  is  «  P  00,  Miller's  10  0, 
Brooke  and  Levy's  G. 

To  describe  a  Net  for  the  Bight  Beetangular 

^^•^3'  Frism, —  Take  two  parallelograms   eqnal    to 

Bi  B4  Bg  B,  (Fig.  301),  to  represent  the  maero-pinacoids,  two  others  equal  in  length  to 

these,  but  with  a  breadOi  equal  to  twice  CH  (Fig.  302)  for  the  hrachp-pinacotdsj  and  two 
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parallelograms  each  twice  6C  (Fig.  302)  in  breadth,  and  twice  CH  in  length  for  the 
baaal'pifMcoub ;  arrange  these  six  rectangolar  parallelograms  as  in  Fig.  808,  and  the 
required  net  will  be  constructed. 

Crystals  of  the  following  minerals  have  Faces  par aUd  to  the  Basal  Ptnaeoiis  oo  oo  1. 


0  P  Naumann, 

0  0  1  MUler,  P  Brooke  and  Levy. 

Aesohynite 

Comptonite 

nvaite 

OUrine 

Strontianito 

Cordierite 

Polyhalite 

Stromeyerite 

Anglesite 

Cotnnnite 

Karstenite 

Polymignite 
Prehnite 

Solphnr 

Antimonsilber 

Cryolite 

LeadhUUte 

Sylranite 

Antimonite 

DathoUte 

Loganite 
Lolingite 

Pyroluaite 

Tantalite 

Aragonite 

Biaspore 

Redmthite 

Thenardite 

Baryte 

Euehroite 

Manganite 

BoeeUte 

Thermonatrttt 

Bismnthine 

Endnophite 

Marcasite 

Scorodite 

Topas 

Bournonite 

Pkiyalite 

Maaeagnine 

Smithsonite 

^rroUte 
Witherite 

Brookite 

FlueUite 

Mendipite 
Mispi^el 

Stanrolite 

Caledonite 

Gadolonite 

Stephanite 

Wolchite 

Celestine 

Glaserite 

Niobite 

Stembcrgite 

Wolfhtm 

Cenusite 

Herderite 

l^itre 

atUbite 

Wolfsbergite 

ChrTBoberyl 

The  foOowing  present  Cleavage* 

parallel  to  this  form 

• 

Anglesite 

Chryaoberyl 

Jamesonite 

Mascaomine 

AnUmontUhw 

Oomptonite 

Karstenite 

Mispickel 
Niobite 

Tantalite 

Antimonite 

OryolUe 

Zeadhillite 

Thenardite 

BaryU 

EudnophUe 

L^gite 

Frehnite 

npaz 

Bournonite 

FaytdUe 

Boselite 

TvroWe 
Wolfabergite 

Glaserite^ 

Manganite 

Smithsonite 

Celesiine 

Minerals  whose  Crystals  present  Faces  parallel  to  the  MaerO'pinaeoids  oo  1  oo . 
00  P  00  Naumann,  0  10  Miller,  H  Brooke  and  Levy. 


Aesohynite 

Andalusite 

Anglesite 

Antimonsilber 

Antimonite 

Aragonite 

Baryte 

Bismntbine 

Bournonite 

Brookite 

Celestine 

Cerussite 

Chrysoberyl 


Comi>tonite 

Cordierite 

Cotnnnite 

Cryolite 

DathoUte 

Epsomite 

Eudnophite 

Fayalite 

Gadolonite 

Glaserite 

Goslarite 

G5thite 


Haidingerite 

Harmotome 

Herderite 

llvaite 

Jamesonite 

Karstenite 

Libethenite 

Loganite 

Manganite 

Maaeagnine 

Mendipite 

Niobite 


Nitre 

Olivenite 

Olivine 

Orpiment 

Phillipsite 

Picrosmine 

Polianite 

Polykrase 

Polymignite 

Prehnite 

Pyrolusite 

Redruthite 


Bemolinite 

Schulzite 

Scorodite 

Smithsoniie 

Stephanite 

StUbite 

StruTite 

Sulphur 

Sylranite 

Tantalite 

W51chite 

WoUhun 


Cleavages  parallel  to  this  form  occur  in  the  following  minerals. 


Aesohynite 

Chrysoberyl 

Jamesonite 

Niobite 

Pyrolusite 

Andalusite 

Comptonite 

Karstenite 

OUvine 

Scorodite 

Antimonite 

Cryolyte 

Loganite 

Orpiment 

SUlbite 

Baryte 

Eudnophite 

Manganite 

PhiUipsite 

StruvUe 

Bournonite 

FayaUte 

Maaeagnine 

Picrosmine 

TantaUte 

Celestine 

Harmotome 

Mendipite 

Polymignite 

Wolfram 

Minerals  whose  Crystals  present  Faces  parallel 

to  the  Braehy-pinaeoids  1  oo  «o 

00  P  00  Naumann,  10  0  Miller,  G  Brooke  and  Levy. 

Aesohynite 

Bismuthine 

Chrysoberyl 

Epsomite 

Harmotome 

Alstonite 

Bournonite 

Cordierite 

Euehroite 

Herderite 

Andalusite 

Broohantite 

Eudnophite 

Ilraite 

Anglesite 

Brookite 

Cotnnnite 

FayaUte 

Jamesonite 

Antimonsilber 

Caledonite 

Cryolite 

Ghiserite 

Karstenite 

Antimonite 

Oelestine 

DathoUte 

Goelarite 

LeadhUUte 

Aragonite 

Ceruseite 

Diaspore 

GSthite 

Libethenit* 

Baryte 

Childrenite 

Epistilbite 

Haidingerite 

Loganite 

BIGHT  RHOMBIC 

PRISM  OF  THE 

FIRST  ORDER. 
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lianganite 

Olivenite 

Prehnite 

Sternbergite 

Topax 

OUyine 

Fyrolusite 

SUlbite 

TyroUte 

Orpiment 
FhiUipsite 

Redruthite 

Strontianite 

Yalentinite 

Mengite 

Remolinite 

Stromeyerite 

WaveUite 

Mesotype 

Pioroemine 

BoseUte 

Struvite 

Witherite 

Miipiokel 

Polianite 

Scorodite 

Sylvanite 

WOlohite 

Monticellite 

FolyhoUte 

SmithBonite 

TantaUte 

Wolfram 

Kiobite 

Polykrase 

Staurolite 

Thenardite 

Wolfabergite 

Nitre 

Polymignitc 

Stephanite 

Thermonatrite 

Zinckenlte 

Cleavages  pardUel  to 

this  form  occur  in 

the  following  minerals. 

Al^onite 

Chlldrenite 

Glaserite 

Nitre 

Stephanito 
StilhiU 

Andalnsite 

Chryaoberyl 

Odthite 

Olwine 

Anglefdte 

Oomptonite 
Cordierite 

Haidingerite 

Orpiment 

Strontiaiiite 

AnHmonUe 

PhilUptiie 

Tantalite 

CryoUte 

Jaxnesonite 

Thermonatrite 

Barfte 

Datholite 

Karstefdte 

Polianite 

Waoeim 

Boornonite 

Dioipore 

Leadhillite 

Polymignite 

Witherite 

Broehantite 

Spt^fUhiie 

Manganite 

Pwrolunts 

Wdlchite 

Brookite 

JBptotnite 

Maseaanine 

BemolinUe 

Wo\fratn 
WoifShorgite 

Caledonite 

Eudnophite 

Mendipite 

Soorodite 

CelesUne 

Fayalite 

Hiobite 

Staurolite 

Right  Bhombic  Pxism  of  the  rixst  Ozdez.'— The  right  rhombic  prism  of  the 
first  order,  or  the  rectangular  prism  on  a  rhombic  hasCy  is 
a  solid  bounded  by  six  faces,  four  of  which  are  rectan- 
gular parallelograms,  such  as  A|  E,  E3  As  (Fig.  304) ; 
the  other  two  are  rhombs.  When  tbis  prism  is  con- 
sidered as  an  open  form,  the  four  rectangular  faces  only 
are  taken  as  its  faces,  the  two  rhombic  faces  which 
inclose  it  being  then  regarded  as  the  basal  pinaeoids. 
To  draw  the  Rhombic  Prism  of  the  First  Order, — Bisect 


Fig.  306. 


Fig.  304. 

tho  edges  Bj  B4,  B^  B„  B,  B5,  and  B«  Bj  of  the  prism  (Fig. 
301),  in  the  points  Aj,  Aj,  A^,  and  A4 ;  also  Bj  Bj,  B4  B3, 
B5  B,,  and  B,  By,  in  Ei,  E^  E„  and  E4.  Prick  off  the  points 
A„  Aj,  A3,  A4,  Ei,  Ej,  E3  and  E4,  and  join  these  points,  as  in 
Fig.  304,  and  the  prism  will  be  represented. 

Symbols, — ^Each  face  of  this  prism,  considered  as  an  open 
form,  cuts  two  of  the  axes  Gj  Gj  (Fig.  301)  and  Hi  H^,  at  the  extremities  of  their 
parameters,  and  is  parallel  to  the  third  axis  Pi  Pj ;  the  symbol  representing  this 
property  is  11 00  ;  Naumann's  is  00  P,  Miller's  11  oo,  and  Brooke  and  Leyy's  M. 

To  Describe  a  Net  for  tlie  Rhombic  Prism.—Bnw  two  lines,  Gi  G-j  and  Hj  H,  (Fig. 
306),  cutting  each  other  at  right  angles  in  the  point  0.  Make  CGi  and  CGg  each 
equal  CG  (Fig.  302),  and  CHi,  CHj  equal  to  CH  (Fig.  302). 

Join  Hi,  Gp  H.^  and  Gj,  as  in  Fig.  305.     Draw  two  such  rhombs,  also  four  equal 
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rectangular  poralielogi'ams,  thek  brcuiiUis  being  a^uni  to  Jij  Gj,  aud  of  any  oonTcmeEt 

length.    Arrange  these  figures  as  in  Fig.  306,  and  the  not  wHI  be  described. 

Splieze  of  Pzojectlon  foz  the 

J^ 

*!5^ 

4i 

Prismatio  System — ^To    draw  a 

^-~^ 

map  of  the  sphere  of  projection  of 

^/^ 

^>A 

the  prismatio  system,  with  P,  (Fig. 

/\i 

u 

307)  as  a  centre,  and  any  convenient 
radius  Pj  Gi  describe  the  circle  Oj  H^ 

/       \ 

7                       \ 

J 

/^    v. 

Go.     Let  G,  Go,  and  Hj  IL,  be  any         ) 

'<2          \ 

/ 

f;      \ 

two  diameters  dra^-n  perpendicular     ^ 
to  each  other.    Then  P^,  representing 

\ 

/ 

*           Ir 

/ 

w 

♦«; 

the  north  pole  of  the  sphere  of  pro- 

.(3          / 

\ 

1 

jection,  is  the  pole  of  the  upper  basal        ^ 

K               '        / 

\ 

c-      / 

pinacoid  oo  oo  1,  or  0  P,  Naumann ;        ^\             ^           | 

V    A 

Gi  and  Go  are  the  poles  of  the  brachy- 

\/        <^ 

(^ik 

\       / 

pinacoids  1  oo  oo ,  or  oo   P  oo ,  ,Nau- 

fr^ 

^^' 

mann ;  and  H^  and  H2  are  the  poles 

^\w^ 

of   the  macro-pinacoid    00  1  00 ,  or 

'^^,       ^- 

f 

Fig.  307. 

Faces  parallel  to  the  Bhombie  Priam  of  the  Firet  Order,  1  1  00 ;  00  P  Naumann ;  11 0 

Miner ;  M  Brooke  and  levy  ;  oeetfr  in  the  following  mineraU :  the  angles  ar^  the  longitude 

of  their  poles. 

Acflchynite    .       .    63o  40' 

GSthite  . 

.    47»20' 

Polybalite 

.    57°  80' 

AUtooite 

.    W^26' 

Haidingerite 

.    50°   0' 

Polykraae 

.    70°   0' 

Andalusite 

.    Ab°2i' 

Harmotome 

.    45°  53' 

Polymignite 
Prehnite 

.    54053' 

Anfflesite 

.    SlMy 

Herderlte 

.    57«47' 

.    49°  58' 

AaUmannlU 

r       .    60°   (T 

IlvBlte    .  , 

,       .    55»36' 

Pyrolusitc 

.    46O50' 

Antimonitc 

.    45023' 

Jamesonite 

.    50°  40* 

Rcdruthito 

.    69°  48' 

Aragonite 

.   58°  y 

Karstenite 

.    48' 18' 

Remoiinito 

.    56°  10* 

Baryte 

.  50050' 

Leadhillite 

.    60°  10' 

Roselite 

.    66°  24' 

Bismuthine 

.    45«30' 

Libethenite 

.    46°  JO' 

Scorodite 

.    490    1' 

Bournoiiite 

.    46' SC 

Liroconitc 

.    59°  40' 

Smitlisonite 

.    5I0  67' 

Brochantite 

.    52°    5' 

Lognnite 

.    Unkn. 

Staurolite 

.    64°  40* 

Brookitc 

.    49°  55' 

LoUngite 

.    61"  18' 

Stcphanite 

.    67°  60' 

Caledonite 

.    47°  30' 

Manganite     . 

.    49°  50' 

Sternbergite 

.    59045' 

CclesCinc 

.    52°    1' 

Marcarito 

.    53°   3' 

Stilbite  . 

.    470    8' 

Cerussitc 

.    48°  37' 

Mascagnine    . 

.    00°  34' 

Strontianite 

.580  40'      . 

Chloanthitc 

.    62°   0' 

Mendipite      . 

.    51»18' 

Struvlto 

.    610*25' 

Chrysoberyl 

.    64°  ^y 

Mengite 

.    68°  10* 

Sulphur 

.    50»59' 

Comptonite 

.    45^20' 

Mesotype 

.    45°  30' 

Sylvanite 
Thenardite    , 

.    65°  24' 

Cordierite 

.    59°  35' 

Mispickel 

.    55°  36' 

.    640  41' 

Cotunnite 

.    49°  53' 

MonlicelUte 

.    48°  55' 

Topaz     . 

.    62°  10' 

Datholite 

.    51°  88' 

Niobite 

.  609  ar 

Tyrolito 

.    UakS. 

Epistilbito 

.    67°  35' 

Nitre      . 

.    59°  2y 

Valentinite    . 

.    BSoj^ 

Epsomite 

.    45M7' 

Ollvenite        , 

.    460  15' 

Wavellite      . 

.  esoM' 

Euchroite 

.    58^40- 

OllTiue  . 

.  470  V 

Wliherite      . 

,  Sft^iy 

Endnophite 

.    60°    C 

Orpiment 

Phlllipsite 

.    68°  5y 

WClohite 

.    UQkn. 

FayaUte 

.        .    47°  20* 

.45036' 

Wolfram       . 

.    M»6r 

Gadolonite 

.    59°  45' 

Picrosminc    , 

.    68*26' 

Wolfsbergit* 

.   67°  «r 

Gladerite 

.    G0°12' 

Polianite 

.    46°  26' 

Zinckcnite 

.    60«20' 

QoBlaiite 

.    45°  21' 

The  following  minerals  present 

Cleavages  parallel  to  thisf 

?r»i. 

Alstonite                BrooUantite            JamcBoi: 

Lite             Mispickel 

StronilanUe 

Andalusite             Caledonite              Leadhil 

ite             Nitre 

Sulphur 

Anglesite                Celestine                 I.irocoHl 

t«              OliTcnite 

Thenfurdtte 

Antknonsilber        CeruMite                Loffanii 

e                Prehnite 

Topaz 

Antlmonite             Datholite                Mangan 

ite              Pyrolnsite 

Aragonito               Epsomite                Marcasi 

te               Bedrutbite 

Waesmte 

Jiaryte                    Euckroite                Mendip 

t^               Smithsonite 

Witherite 

Bismuthine 

Glaserite 

Mesotyp 

e                Stai 

irolite 
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Potttion  of  the  roles  of  the  Hitjht  Rhombic  Frinm  on  the  Sphere  of  ProJection.-^Thv 
polos  of  thu  prism  all  lio  in  tlio  eciuator,  if  0  bo  the  nngic  of  longitude?  for  each 
subrttance  Kivcn  above ;  and  if  (in  Tig.  307)  O^  D„  (J i  D.^,  (i.^  !).„  and  0.j  D^,  be  cai:h 
taken  equal  to  0,  D„  I).^,  I).,  and  D4,  will  represent  the  four  poles  of  the  prism. 

Jiiffht  Rhombic  Prisma  derived  from  the  Right  Rhombic  Prism  of  the  First  Order  by 
increasing  the  greater  Axis  Gj  O.^. — Those  prisms  will  be  similar,  in  all  respects,  to  the 
prism  of  the  lirst  order,  from  which  they  aro  derived,  except  that  CGj  and  CO,  (Fig. 
301)  must  bo  taken  n  timos  greater  than  GO  (Fifc.  302).  Making  tliis  altcratioiiy  the; 
pt»ints  Ai,  Ao,  A.„  A4,  E„  K,,  ^3,  and  K^,  will  giva  the  angular,  points  of  tho  derived 

prism.     Their  •ymboli  will  bo  »  1  00,  00 P«  Naumaim,  hko  Miller,  II** -" ^  Brooko 
and  TiOvy. 

Faces  parallel  to  the  following  forms  of  these  Prisms  have  been  observed  in  nature  ;  the 
angle  is  that  of  their  longitude. 

The  form  J  1  co ;  » 1'  |  Xaumann ;  3  4  0  Miller ;  II'  Brooke  and  Levy. 

I'ttyulito         .       .    35'2U' I  MaoKanito     .       .    u7M(/ 
The  formif  l  oc  ;  00 1*  f  Naumann  ;  2  3  0  Miller ;  H*  Brooke  and  Levy. 

Iteryte;  .    ;  .       .    W  8(r  |  Boumonito "  .       .    37«  50^ 
Tho  form-g  I  oc  j  oo  P  f  Naumann ;  3  5  0  Miller ;  H*  Brooke  and  Levy. 

Cerussitu       .       .    0»>S(K 
Tho  form; 2  1  00 ;  «  f  2  Naumann ;  1  2  0  Miller;  !!•  Brooke.* and;  Levy. 


Andalusito     . 

.    0.^41' 

Fn>'aUto        .       .  .«*>  li* 

Montiodlito-.       .    fl(J»  27' 

AntimoniU  ^ 

.    63»4* 

GOtbite  .       .       .    6:}«  2V 

Nlobito  .       .        .    47^20' 

Barytft  . 

.    fl7»50' 

Ilvaito    .       .       .    710  fl' 

Olivine  .        .        .85°   1' 

Boumonito    . 

.    640  52' 

Libcthenito    .        .    W"  22' 

atruvite                 .    4a»82' 

Brooklto 

.    070  11' 

Manganite     .       .    67^   7' 

Wolfram        .        .    07°  52' 

Diuspore 

.    W»W' 

Iliasi)ore 

IiM  an  imporfect  cleavogc  parallol  to  the  above  form. 

Thoform'4  1ooj 

aof  4  Naumaxm ;.  1  4  0  Millor  \  Hi  Brooke  and  Levy. 

Brookite 

.    78*   7'  1  Manganito     .       .    78«»   y 

Tho  form  V  1  <» 

00  P  V  Naumann  ;  2  11  0  Millor ;  H  V  Brooke  and  Levy. 

Brookite 

.   81°  18' 

Tho  form  VI* 

00  P  V  Naumann ;  4  23  0  Miller ;  Ht*  BifookO  and  Levy. 

Brooklto 

.    81«4(^ 

Polee  of  these  derived  Rhombic  Pritmi  of  the  Itrst  Order  on  ths  Sphere  of  Pr^ciicn^  ^c, 
—If  Gi  lit  Gj  l^  Gj  l^y  and  Gj  l^t  on  the  equator  of  tho  sphere  of  projection,  bo  each  taken 
equal  to  tho  angle  of  longitude  given  above,  in  Fig.  307,  l^,  l^  h,  and  l^  will  be  the  four 
poles  of  the  prism.    If  a  be  the  angular  element  given  in  the  first  column,  0  the   ' 
ioDgltttde  of  Uio  pritm  m  1  oe,  for  any  particular  substance,  th«n 

tan  9  =rn  cot  a. 
29  will  be  the  inolination  of  tho  faces  of  tho  prism  over  tho  edges  Ej  E,  or  Ej  E4  (Pig. 
304) ;  180'  —  29,  their  inclination  over  tho  edges  Aj  A^  and  A,  A4. 

RigJit  Rhombic  Prisons  derived  from  the  Right  Rhombic  Prism  of  the  First  Order^  hj 
increasing  the  Lesser  Axis  K^  H^. — These  prisms  are  derived  from  tho  prism  of  tho 
first  order,  by  making  Clli  and  OHj  (Fig.  801)  equal  ion  times  CII  (Fig.  301). 
With  this  alioration  A^,  A«,  A3,  A4,  E^,  £3,  E3  and  E4,  will  give  the  angular  points  of 
tho  now  prism. 
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The  symbol  of  these  derived  prisms  will  be  1  m  oo ;   oo  F »  Naumaim ;  kho  MIEer ; 
n±l 
Qfi  —  1  Brooke  and  Levy. 


Facet  parallel  to  the  following  forms  of  these  Tritms  have  been  obsetved  m  nature  ;  the 
angle  is  that  of  their  longitude. 

The  form  1  J  oo  ;  oo  P  |  Naamann ;  4  3  0  Miller ;  G'  Brooke  and  Levy. 
Auglesite       .       .    4So  M' |  Antimonite    .       .    S?**  14' |  Boarnonite    .       .    39f*9Sr 
WavelUte      .       .    66'   3' 

The  form  1  ^  oo ;  oo  P  (  Naamann ;  3  2  0  MilLer ;  G*  Brooke  and  Levy. 

Diaspore        .  .    S5»  SCT  I  Manganite     .       .    38°  18'  I  Redruthite     .       ,    4B»  &r 

Euohroite      .  .    47°  SO'    OUyine  .       .       .35°  35'  |  Topaz    .       .        .51°  Sr 

FayaUte         .  .    35°53'| 

The  form  1  J  oo ;  oo  P  J  Naumann ;  5  2  0  Miller ;  G J  Brooke  and  Levy. 
FayaUte        .       .    23°  27'  |  Manganite     .       .    25°  21' 


The  form  1  2  oo ;  oo  P  2  Naumann ;  2  1  0  MiUer ;  G'  Brooke  and  Levy. 


Aesohynlte     . 
Angleaite 
Antimoiuilber 
Baryte  . 
Bournonito    . 
Brochantite  . 
Celestine 
Chrysoberyl  . 
Ootunnite      • 
DathoUte       . 

The  form  1  f  oo ; 
Tantalite       • 

The  form  1  3  « 
Anthnonsilber 
Bismathhie  . 
Cerassite 
Chrysoberyl  . 
Cordierite  . 
Datholite 


45°  17' 
82°  27' 
4(y»54' 
31°  33' 
28°  4^ 
32°  42* 
32°  38' 
56°  47' 
30=' 41' 
32°  17' 


Diaspore 

Epsomlte 

Eaohroite 

Goalarite 

Gothite  . 

IWaite    . 

Manganite 

OUvine  . 

Orplment 

Polyn4gnite 


28'  y 
28°  4^ 
39°  24^ 
26°  43' 
28°  34' 
36°  8' 
30°  38' 
18°  18' 
39*40' 
35°  25' 


Bemolinite    . 

Sohulxite 

Scorodite 

Sulphur 

Sylvanite 

Thermonatrite 

Topaz     . 

Wolfram 

Wolfsbergite 


36°  43' 
80*  8* 
29°  5y 
8l«»49' 
85°  56' 
58°  5y 
43°  26' 
81°  3y 
60°  3y 


00  P  J  Natunann ;  9  4  0  Miller ;  g''^  Brooke  and  Levy, 
•    28°  83' 
00  P  3  Naumann ;  3  1  0  Miller ;  G^  Brooko  and  Levy. 


.  30°  c 

.  18°  44' 

.  28°  39' 

.  35^21' 

.  29' 3y 

.  22^50' 


Glaserite 
IWaite   . 
LeadhiUite 
Manganite 
Maaoagnine 


80°  12* 
35°  57'  I 
80°  IV 
21°  88' 
ZQP  84' 


Mengite 
Niobite  . 

.    89'4e' 

.    21°  54' 

SmithBonite  . 

.    2S°  4' 

SyWanite 

.    25047' 

Topaz     . 

.  zriv 

The  form  1^  00 ;  00  P  ^  Naumann ;  7  2  0  Miller ;  G  i  Brooke  and  Levy» 
Chrysoberyl  .       .    31°  17' 


The  form  1  4  00 : 
Ilvaite    . 
LeadhllUte     . 

The  form  1  5  00 
Antlmonsilber 


00  P 4  Naumann;  4  1  0 Miller ;  G*  Brooke  and  Levy. 

I  Topaz    .       .       ,    25°  20' 


8'  I  Polymignite 
23°  88'    Bemolinite 


19°3y  I 
20°  28* 


00  P  6  Naumann ;  5  1  0  Miller ;  G^  Brooke  and  Levy. 
.    16°  6*  I  Antimonite    .       .    11°  27'  |  Smithsonite  .       .    14°  20^ 


Poles  of  these  de>  iced  Rhombic  Prisms  of  the  First  Order  on  the  Sphere  ofPn^eeUm^  ^t. 
— TakeGi  ^\y  ^1  ^t  ^2  ^3  *^<1  ^2  ^4  (Fig.  307)  on  the  equator  of  the  sphere  of 
projection,  each  equsd  to  the  angle  of  longitude  given  above.  K^  £3  K3  and  K4  will  be 
the  four  polos  of  the  prism. 

Tf  a  be  the  angular  element  given  in  the  first  column,  B  the  longitude  of  the  prism, 
1  »  00  for  any  particular  substance,  then 

cot  9  =  n  tan  a 
2e  will  be  the  inclination  of  the  faces  of  the  prism  over  the  edges  Aj  A3,  A,  A4  (Pig.  304) ; 
180"*  —  26,  their  inclination  over  the  edges  Ej  E3  or  E^  E4. 
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Sight  XJumbio  Pilsm  of  the  Second  Ovdex.— The  right  rhombic  prism 
of  the  Becond  order  is  similar  in  form,  but  different 
in  position,  to  that  of  the  first  order.  The  four  fieices 
(Fig.  308)  which  are  rectangular  parallelograms,  cut  the 
two  axes  Pj  Pj  and  Gj  G,  (Fig.  801)  in  the  points  P 
and  G,  and  are  parallel  to  the  tMrd  axis  H^  H, 
(Fig.  301). 

The  rhombic  planes  Aj  M^  A3  M4  and  A,  Mo 
A4  M3  which  inclose  the  prism  are  the  macro-pina- 
coids. 

To  draw  this  prism,  we  hare  only  to  prick  off  the 
points  Aj,  Aj,  A3,  A4,  Ej,  E^,  E,,  and  E4  from  the 
Fig.  301,  and  join  them  as  in  Fig.  308. 

Symbolt.— 'The  STmbol  which  represents  the  rela- 
Idon  of  this  prism  to  the  axes  of  the  prismatic  system 
is  1  00  1 ;  Naumann's  Poo;  Miller's  10  1;  Brooke  ^ 

and  Leyy's  E».  Fig.  308. 

Faces  paraOel  to  the  Prism  of  the  Second  Order  oeeitr  in  thefolhmng  Minerals :  tJu  angle  is 

that  of  their  latitude. 


Alstonite 

.    86<»27' 

Epsomite 

.    29^58' 

OlWenite 

.   34°  8y 

AndaluBlte     . 

.    2SP   5' 

Euchroite 

.    46°    4' 

Olivine  . 

,       .    49°  83' 

Anglesite       . 

.    52<»iy 

FayaUte 

.    49«11' 

FhiUipsite 

,    84°  69' 

Antimonsilber 

.    88»5y 

Olaserite 

.        .    86»44' 

Polianite 

.    81°  V 

Antimonite    . 

.    4y>86' 

Gofllarite 

.    29«>58' 

PyroluBite 

.    20°   0' 

Aragonlte      . 

.    8d»47' 

Odthite  . 

.  8Piy 

Remolinite 

.    87°   0' 

Baryta   . 

.    52<»4y 

Haidingerite 

.    26«81' 

Smitbsonite 

.    24°  47' 

Bournonite    . 

.    41»M' 

Hannotome  . 

.    84°  47' 

Stepbanite 

.    84°  26' 

Brochantite   . 

.   140  4r 

Karatenite 

.    44°  2y 

Strontianite 

.    85°  54' 

Caledonite     . 

.    54»81' 

Leadhillite 

.        .    61»88' 

Struvite 

.    81°84r 

Celestioe 

.    62»   4^ 

Libetbenite 

.    S50   4' 

Sulpbur 

.    62°  12' 

Cemuite 

.    Zi^57r 

LdUngite 

.    48»60' 

Sylvanite 
TantaUte 

.    81°  26' 

ChryioberTl  . 

.    80O  r 

Manganite 

.    28»86' 

.    33°   6' 

Cordifltite      . 

.    29»ll' 

Mareasita 

.    49°   V 

Tbermonatrit 

B      .    48°   y 

Cotunnite 

.    26«8y 

Maseagnine 

.        .    36°1(K 

Topas     . 
Yalentinite 

.        .    43°  81' 

DathoUte 

.    260  84' 

.    49°  se' 

.    54°  44' 

Diaspore 
Episaibite     . 

.    SO'Sy 

.    48°  46' 

Witburite 

.        .    86°8y 

.  ifioKy 

Nitre      . 

.        .    35°    V 

Wolfram 

.    40°  46' 

The  following  present  Clec 

wages  parallel  to  this  form. 

Andalntite 

Aragonite               £ 

psomite               LoUngite 

Nitre 

AntimonsUber 

Boara 

lonlte             E 

achroite 

Marcaaite 

Topaz 

Position  of  the  poles  of  the  Right  Rhombic  Prism  of  the  Second  Order  on  the  Sphere  of 

Projection, 

The  four  poles  of  this  prism  all  lie  in  the  same  meridian  or  zone  6|  Pj  G,,  (Fig. 
307}  •  The  poles  a^,  a,  in  the  northern  hemisphere  for  any  particular  substance  are 
determined  bj  observing  where  the  circle  of  latitude,  whose  north  polar  distance  is 
equal  to  the  angle  of  latitude  given  above,  cuts  the  meridian  G^  P^  62,  the  other  two 
poles  are  where  the  same  circle  of  south  latitude  cuts  the  same  meridian. 

The  angle  for  determining  the  latitude  of  the  poles  of  this  form  is  that  given  in  the 
second  column  of  the  angular  elements,  for  substances  belonging  to  the  prismatic 
system.    Let  fi  represent  lliis  angle. 

Then  2/3  and  ISO"*  —  23  are  the  inclinations  of  the  faces  of  this  prism  to  each  other. 


42S 


PKISM8  DERIVED  FROM  THOSE  OF  THE  SECOND  OSDER. 


Right  Rhombic  Primui  dniTed  firom  those  of  the  Seooad  Oidn 

By  increasing  or  diminishing  the  axis  Pj  Pj  (Fig.  301),  by  making  CPi  (Fig.  3( 
equal  to  fn  times  the  parameter  CP  (Fig.  802),  where  m  may  be  any  whole  nnmber 
fraction  greater  or  less  than  unity,  and  then  fitmi  Fig.  301  bo  altered  conitmctijii 
light  rhombic  prism  of  the  second  order,  a  new  series  of  prisms  may  be  described. 

Symbols, — The  symbol  which  will  represent  the  relation  of  these  prifima  to  ' 
axes  of  the  prismatic  system  is  1  oo  m\  Naumann's  is  i»  F»  ;  Miller's  h  al\  Brw 
and  Levy's  E^. 

Facts  parallel  to  these  deri9$d  TJiombU  PrUms  of  ty  Seeofid  Orders  with  thefoUowmt 
angles  for  determining  the  latitude  of  their  poles,  have  beeti  observed  in  nature. 

The  form  1  oo  ^\  iV  I*  «  Naumann ;  1,0,  12  Miller ;  E  ^  Brooke  and  JLevy 
Celesiino       .       .      6^    G' 

The  form  1  x  ^ ;  ^  P  »  Xaumann ;  1  0  6  Miller ;  E  A  Brooke  and  Levy. 

Tantalite      .       .      BMl' 

The  form  1  oo  ^ ;  ^  P  oo  Naumann ;  1  0  4  Miller ;  E^  Brooke  and  Levy. 
Gadolinite     .       .    le^*  52'  |  Morcasite      .        .    IG"*  30*  |  Mispickel      .      ' ,    \9P  W 

The  form  1  «  4 ;  i  ^  «  Naumann;  10  3  Jlillor ;  E*  Brooke  and  Levy. 
Celcstino       .       .    23"'    ^  f  Marcasite      .       .    2P  53'  I  Sulphur        .        .    32'  ly 
Valentinite    .       .    25»  14' 

The  form- 1  »  J  ;  }  P  oo  Nanmann-,  10  2  Miller ;  E^  Brooke  arcd  Levy. 


Antixnonlte 

Aragonite 

Baryte  . 

Cemwite 

FayaUte 

GiMerite 


270   4t 
33=»  17' 


Ilvaite 
Leadhlllite 
Mispickel 
Msreasit^ 
Nitr«     . 


13«  51' 

310    V 
30°  88' 


Olitine  . 

Smithsonite  . 

Btromeyerite.  . 

Thermoni^trite 


%OP%V 
ISO  ^ 
260  ^y 
390  7' 
200  21' 


19PIV    Witiwrite 

P  3  Miller ;  E*  Brooke  an^  I^vy. 
.  ir  SO'  I  T<H>az  .      .      .  srir 

.    51«  40'  I  Wolfram       .       ,    m^  W 

The  form.  1  00  4 ;  4  P  oo  Naumann ;  4  0  3  Miikr ;  E^  Brooke  and  Levy. 
Brookite       .       .    iV  vr  \  DathoUte      .       .    8S»  41' 

The  form  1  00  f ;  f  P  00  Naumann;  3  0  2  Miller;  E*  Brooke  and  Levy. 


The  form  1  00.  f ;  }  P  ao  Naamann*; 
Datlkpllttt      .       .    180  36'  I  BoaeUte 
Kadmthlto    .       .   iap  b^  \  Sulphur  • 


Aragonife 


470  14'  I  Herderite 

Strontianite  . 


30' 
22' 


Staurolite 


45^48' 


The  form  1  »  2 ;  2  P  00  Naumann ;  2  0  1  Miller  j  E^  Brooke  and  Levy. 


AefChjrBite 
Alstonite 
Antimonsilber 
AragMlte     • 
Brookite 
CeruBsite 
Cbildrenite    . 
DathoUte 


WO  IS' 

550  55' 
53'  20' 

550  ly 

62'  6' 

550  20' 

520  7/ 

4»»  0' 


Epsoiaita 
Ilarmotome  . 
Ilvaite   . 
LeadhiUite    . 
Mascagnine  . 
Niobite  4 
Nitre     . 
OliTine  . 


490  4' 
540  15' 
42=  23' 
M*  2^ 
550  37' 
6O0  20' 
540  30' 
660  5y 


Uedruthite 

Smithsonite 

Stephanite 

Bterhberffite 

Strontianite 

Sylvanite 

Topaz    . 

mth«rite 


620  44' 
44'  V 
530  34' 

590  ly 
550  2y 

500  4y 
620  IV 
•«o   V 


Cermsitiy  Stephanite,  Strontianite,  and  Witherite  cleave  parallel  to  thia  fonn. 

The  form  1  00  3  ;  3  P  00  Naumann ;  3  0  1  Miller ;  E^  Brooke  and  Levy. 
Arajfonite      .       .    65»  11'  |  Mispickel      .       .    74'  82'  f  Sylvanite       .        .    6l<»  JT 
Cerussite      .       .    G5o  ly    amithwnite  .       .    6&0  23'  I  jHuaUiite       •       ,    93f*5V 
DathoUte      .       .    56' 19^  1 

The  form  1  co  4 ;  4  P  oo  Naumann ;  4  0  1  Miller ;  £^  Brooke  and  Levy. 
Cerussite       .       .    70'  55'  I  Strontianite  .       .    70'  67'  I  Topaz     .        •       ,    7*»  ly 
Datholite       .        .    63'  26'    Sylvanite       .       .    G?*  4y    Valentinite    .       .    79»  58* 
Prttfaziite       .       .    78osv\ 
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The  form  1  oo.5;  5  P  qo  J^umaim ;  5  0  1  Miller;  E»  Brooke  and  Levy. 
Aragonite      .       .    74°  29'  |  Smithsonite  .        .    67^  SO* 

The  form  1  oo  6  ;  6  P  oo  Nauman  6  0  1  Miller ;  E^  Brooke  and  Levy. 
Aragonite      .       .    76' SS*  ( Herderite      .       .    68°  34' {  Strontianite  .       .    T?"*  r 

The  form  1  oo  7 ;  7  ¥  oo  Naumann  ;  7  0  1  Miller ;  E«"  Brooke  and  Levy. 
Smithsonite  .       .    78°8l' 

The  form  1  oo  8 ;  8  P  qo  I^Taumann ;  8  0  1  Miller ;  E*  Biooke  and  Levy. 
Strontianite  .        .    80^12' 

The  fcKrm  1  oo  10 ;  10  P  qo  Nauinann ;  10,  0,  1  Miller ;  E*  Brooke  and  Levy. 

Stcrnbergite  .       .    83^  12' 
The  form  1  oo  12 ;  12  P  oo  Xaumann ;  12,  0,  1  Miller ;  E«  Brooke  and  Levy. 

Strontianite  .       .    83^26' 

Poles  of  Oe  derived  Rhombic  JPrisms  of  the  Second  Order  on  the  Sphere  ofJProjeeiion.— 
"Let  K  be  the  angle  given  in  the  list  above  for  determining  the  latitude  of  any  form  for 
a  particular  substance.  The  two  points  where  the  circle  of  north  latitude,  whose  polar 
distance  from  Pj  is  X,  cuts  the  meridian  or  zone 
Gi  Pj  G^  (Fig.  307);  and  the  two  points  where 
the  same  circle  of  south  latitude  cuts  the  same 
zone,  Witt  give  the  four  poles  of  the  derived 
rhombic  prism. 

Let  fi  be  the  angle  given  in  the  second  column 
(pages  417, 418), 

tan  \zzim  tan  $, 

Right  Rhombic  Fzism  of  the  Thizd 
Ozder.— 'The  right  rhombic  prism  of  the  third 
order  is  similar  in  form  to  that  of  th^  first  order, 
hut  differs  in  position  with  regard  to  the  axes. 

Sf/mbols.—ll^&ch  face  passes  through  one  of  the  ex- 
tremities of  the  axes  P^  P2  and  H^  H^,  and  is  parallel 
to  the  third  axis  G^  G,.  The  symbol  which  expresses 
this  relation  is  ool  1 :  Kaumann'i  is  P  "00 ;  Miller's 

.  •  •  Fig-.  303; 

Oil;  Brooke  and  Levy's  AK 

To  draw  this  prism  prick  off  the  points  Ej,  Ej,  E3,  E4  and  M^,  Mg,  M3,  Ki  from 
Fig.  301,  and  join  them  *»  in  Pig.  309". 


laces  parallel  to  .the  Pritm  ofths  Third  Order  oeour  in  thefoUowing  mneraU :  the  angle 
is  that  of  their  latitude, 

Andalosite     . 

Antimonsilber 

Aragonite 

Baryte   . 

Boumonite    . 

Chrysoberyl  . 

Datholite 

Epistilbite     *. 

Epsomite 

Eudnophltc,  tmdetennined. 

Fayalite         .  


35=  26' 

Goglarite 

.    29^50' 

Eemolinlte    • 

.    48°  81' 

49^  19' 

Gothlte  . 

.   330  SC 

Smithsonite  " 

.    81"  40' 

49=10' 

IlTaite    . 

,    83°  40' 

Staurolite 

.    55°  22' 

58M0' 

Liroconlte 

.    53M9' 

Stilbite  . 

.    39°   8' 

43M3r 

Lolingita 

.    64°  20' 

Struvite 

.    48°  25' 

SO'  69* 

Man^nite 

.    SSPM 

Sulphur . 

.    66°  5y 

32^  17' 

MiRpickel 

.  eo^sw 

Srlvanite 
Topaz    ". 

.    41°  32' 

35°   r 

Olivenit'e 

.        .    35°  46' 

.    60°  55' 

29' sy 

Olivine  . 

•    51°  33' 

WaveUite 

.     36°  37' 

mined. 

Orplment 

.    48' SO* 

WOlchite,  un< 

ctcrmlned. 

51°  28' 

Prelmite . 

.  4*°  r 

Zinckenite 

.    I4°4y 

428  BIGBT  XHOMBIC  PmiSMS,  THIKD  OBDI 


Tht  fia9m§  prtaemi  CUaxmfU  fmrmOd  to  tkufirm, 
Bounonite.  liioeaaite.  ITi  iiiiBili  ^mifhmmkf  Ttopas. 

Po»ii(moftkeFcU99ftkeBifhtMaMaiUPrumrfth§Tkkd(k^m^tk§Sfki^ 
Jeetim.—ljet  A  be  the  aag^  giTen  in  flie  aboreliat  iar  dgiammvn^  the  litifiiikr  fx  anj 
puticnlar  sobstance.  The  two  poiiits  ^|,  ii,  (Fig.  307)  where  Ae  aide  of  BoitililatitiidBy 
whose  polar  distance  from  P|  is  A,  cnts  the  "»**i^»«»  6|  PG^  and  the  two  pointa  where 
the  same  circle  of  sooth  latitode  cuts  the  same  meridimUyWingiTetiiefiNir  poles  of  the 
ifaombic  prism  of  the  third  order. 

Let  a  be  the  an§^  given  in  the  first  colamn,  and  fi  that  given  in  the  aeeond  eolmim 
(pages  417,  418).    Thai  A  may  be  obtained  from  the  formula 

XMMia 

Bight  SAomkie  Pritau  derwed  ffom  Owm  •/  tJU  Third  Order. — Bj  taking  CPi 
(Fig.  301)  m  times  CP  (Fig.  302)  where  m  mxy  be  anj  fraction  or  whole  nnmher;  sad 
from  Fig.  301  so  altered,  describing  aright  riiomhic  prism  of  the  third  oidei;  a  aeries  of 
prisms  similar  in  form  and  position,  hot  dHEcriwg  in  magnitndft  from  Fig.  309,  mMj  be 
formed. 

SjfmMM. — ^Each  face  of  these  derived  prisms  cots  twoof  the  axes  P|  P^  H|  H, 
and  IB  parallel  to  the  third  6|  6,,  and  the  sjmbol  which  expresses  this  rdation  to  the 

axes  is  00  1  OT ;  Xaamann*s  is  m  P  oc  ;  Miner's  ohl\  and  Brooke  and  Lory's  A^ 

FaeetparaOel  to  these  derived  Bhowtbie  Prisme  of  the  Ihird  Order,  wiiA  tkefoOawmg  OMfbt 
for  determining  the  latittide  of  their  polet,  hate  been  obterred  m  nafior. 

The  form  oo  1  ^ ;  ^  P  qo  Naomann;  0  16  Miller;  Att  Brooke  and  Levy. 

Baryte    .       .       .15^    2*  |  Niolnte  .       .       .    l(P    V 
The  form  «  1  ^ ;  ^  P  oo  Naumann ;  0  1-5  Miller ;  A^^  Brooke  and  Lcry. 

Baryte    .        .        .    IP  52* 
The  form  qo  1  } ;  }  f  oo  Xanmann ;  0  1  4  Miller ;  A^  Brooke  and  Levy. 

Anglesite  .    23"  2(r  |  Boamonite    .       .    IS"*  27'  |  Celestiae        .       .    22*  ST 

Baryte    .  .    2V  5^  \  Brookite         .       .    16'  40r  |  LeadliiUite     .        .    tg>  9Sr 


The  form  »  1  i ;  i  P  qo  Naamann ;  0  1  3  Miller ;  A*  Brooke  and  Lery. 

Baryte    .  .    28»  14'  I  Cemsnte        .       .    21<*  ST  I  Sulphor  .       .       .    S 

Celestine        .       .    28=*  43*  1  Niobite   .       .       .    19"  26*  |  Topas     •       «       .    Si 

The  form  qo  I  ^  ;  i  P  qo  Naomann ;  0  1  2  Miller ;  A^  Brooke  and  Levy. 


Anglesite 

.    S9'2T' 

Cemssite 

.  apsy 

Prehnite 

.    28^40^ 

Baryte    . 

.    38^51' 

Epsomite 
Glaaerite 

.    48*47' 

Strontianite   . 

.    80>4y 

.    25^53' 

.    33^    5' 

Sylvanite 

.    2S>5S' 

Brookite 

.    29M8' 

HaidiQRerite 

.     ie'33' 

Wolfinm 

.  28'  r 

Celestine 

.    39^2^ 

Leadhillite 

.    47*  4y 

Baryte  has  an  imperfect  cleayage  parallel  to  this  form. 

The  form  qo  If;  |  P  oo  Naomann ;  0  2  3  Miller ;  A^  Brooke  and  LeTy. 
Boumonite     .       .    SZ' 81' J  Chrysoberyl   .       •    39°  27' |  Kidhite  .       .       .8^12' 

The  form  <»  1  J ;  }  P  qo  Nanmann ;  0  3  4  Miller ;  A^  Brooke  and  Lery. 


Celestine        .       .    50P  57' j  LeadhUUte     .       .7^24' 


BBOMBIC  PYRAMID. 
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The  form  oo  1  f ;  |  P  oo  Naumaim ;  0  3  2  Miller ;  A*  Bi-ooke  and  Levy. 
DfttboUte       .       .    48P  ar  1  Sylranite       .       .    MP    TT 

The  form  oo  1  2  ;  2  P  oo  Naumann ;  0  2  1  Miller ;  A»  Brooke  and  Levy. 

,  er  24' I  Dathollte  .  .  51"  88'  Polykraw  .  ,  6r  (f 
,  82°  54'  Haldlngerite  .  .  4^  56'  Scorodite  .  .  BJ"  80' 
.    71®  55'  I  Manganite      .       .    52''  14'    Smitbsonite    .       .    50^  58' 

3  P  00  Naumann ;  0  3  1  Miller ;  A^  Brooke  and  Levy. 
.    63**  25'  I  Smithaonlte    .       ,    61"  87' 


BoomoDite  • 
Broohantite  • 
Culedonite 

Tho  form  oo  I  3  ; 
IlTolte    .       . 


The  form  oo  1  4 ;  4  P  oo  Naumann ;  0  4  1  Miller ;  A'  Brooke  and  Levy. 
Haidingerite  .       .    67'  11' 

The  form  oo  1  6 ;  6  P  oo  Naumann  ;  0  6  1  Miller ;  A^  Brooke  and  Levy. 
Sternbergite  .       .    76'*  31' 

Position  of  the  Poles  of  the  derived  JRhombie  Prisms  of  the  Third  Order  on  t/ie  Sphere 
of  Prftfeetion. — Let  i,  and  b^  (Fig.  307)  be  the  points  where  the  circle  of  latitude,  whose 
polar  distance  from  P|  is  the  angle  \  given  for  each  particular  substance  in  the  pre- 
ceding article,  cuts  the  meridian  H^  PH, ;  these  points,  together  with  two  similar  ones 
where  the  same  circle  of  south  latitude  outs  H^  PHj,  will  be  tho  four  poles  of  the 
rhombic  prism. 

If  a  be  the  angle  in  tho  first,  and  /3  that  in  tho  second  column  (pages  417,  418), 

^      ,           tan  /3 
tan  X  =  m 

tan  a 

Rhombic  Pynunid. — ^The  double  four-faced  pyramid  or  octahedron  on  a  rhombic 
base  is  a  solid  bounded  by  eight  triangular  faces ;  each  face,  such  as  P^  Hi  Gj  (Fig.  310) 
being  a  scalene  triangle.  It  has  six  four-faced  solid  angles, 
equal  to  one  another  in  pairs,  that  at  P|  being  equal  to  that 
at  P,,  at  H,  to  Hj,  and  at  G^  to  G.^.  The  edge  P^  H^  equals 
Hi  P„  Hj,  Pj,  and  Pj  H, ;  the  edge  Pj  Gj  equals  Pj  G^,  P^  G^, 
and  Pj  Gj ;  and  the  edge  U^  Gj  equals  Gj  Hj,  Hj  G^,  and 
G,H,. 

To  draw  the  Rhombie  Pyramid,— Vtick  off  from  Fig.  301 
the  points  P|,  P,,  H^,  Hj,  Gj  and  G^,  and  join  these  as  in 
Pig.  810. 

Axes, — The  prismatic  axes  join  the  opposite  ^four-faced 
solid  angles  of  the  rhombic  pyramid. 

Symbols, — ^Every  face  of  the  pyramid  cuts  the  three  axes 
Pi  Pj,  G|  G,,  and  H^  H,  at  the  extremities  of  the  parameters ; 
the  symbol  which  expresses  this  relation  is  1  1  1 ;  Naumann's 
is  P ',  Miller's  111;  and  Brooke  and  Levy's  B. 

Position  of  the  Poles  of  the  Rhombie  Pyramid  on  the  Sphere 
of  Projeeiion» — Four  of  the  poles  of  this  pyramid  lie  in  the  same  parallel  of  north 
latitude,  and  four  in  the  same  parallel  of  south  latitude. 

Let  X  be  the  polar  distance  of  the  pole  e^  (Fig.  307)  of  the  face  P^  H,  G^  (Fig.  310) 
from  Pj ;  ^  its  longitude  from  Gj  or  the  arc  GD,. 

Then  the  eight  poles  of  the  rhombic  pyramid  will  be^where  the  north  and  south 
circles  of  latitude,  whose  polar  distances  are  equal  to  X,  cut  the  meridians  of  longitude  th 
180  —  /u,  180  +  /i,  and  360  —  /i. 

^^  If  a  and  jS  be  the  angles  given  in  the  first  and  second  columns  (pages  417  and  418), 
Then  /u  =  90  —  a,  and  tan  X  =  tan  /3  coscc  a. 


rig.  810. 
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MET  FOB  THE  &HOBCBXO  PYRAMID. 


To  dueribd  •  Jf$t/cr  th$  Jihamhi§  Pyratnid, 
Draw  two  lines,  CG  and  OP  (Fig.  311),  at  right  ongloi  to  each  other  j  teke  CP 


312. 


"HIT 
Fig.  811. 

equal  CP  (Fig.  302),  and  CG  and  CH  equal  to  CG 
aud  CII  (Fig.  802).    Join  PH  and  PG. 

Then  (Fig.  312)  take  GH  equal  to  GH  (Fig.  302), 
and  on  GH,  as  a  ha«o,  dosoribe  the  trianglo  PGU, 
having  its  sides  PG  and  PII  equal  to  PG  and  Pll 
(Fig.  311).    Eight  of  these  triangles,  arranged  as  in  Fig.  313,  will  give  tlie  Toqnirtd 
net. 

Faces  parallel  to  the  Jlhombic  Pri/tm  whose  9ymbol  will,  icith  the  foUoxoing  AngU$  for 
determining  the  position  of  their  Polc/t^  have  been  obsctred  in  nature. 


Tig.  818. 


Aenchynitc  . 

.    A  =  48^2S' 

M  =  w  ify 

Alstonite     . 

.    A  =  »5'27' 

fi  =  60'  26' 

AnKlcBite     . 

.    A  =  04^27' 

fi  =  :>1 '  4V 

Antimonf^ilbcr 

.    A  =  53-'2(>' 

H  =  MP    C 

Antimonite . 

.     A  =1  55^29' 

M  =  45'28' 

Ara|?onlte    . 

.    A  =  58M4' 

M  =  5H'    6' 

liaryte 

.    A  =  64' IS' 

fj^  =  r,(r  «0' 

Boumonito . 

.     A=.5r4C/ 

fi  =  46'  iff 

Brookite      . 

.     A  =  SAMS' 

/A^  l»'5.y 

Calcdonitc  . 

.    A  =  04'' 17' 

11  ^  47"  30' 

Celcstine      . 

.     A  =64' 2-' 

At-.>2'  r 

Cerussite     . 

.     A  =  64^  14' 

M  =  ^'87' 

Cbildrenitc  . 

.    A  =  48^56' 

fi  "  55'  57' 

f;hry8obfcryl 

.    A  =  63^14' 

fi  =*•  64'  4'.f 

Cordicrite   . 

.    A  =  47MH' 

fi  ^^=  69"  35' 

Cotunnite    . 

.     A  =37' 64' 

M  =  19'  53' 

DathoUte     . 

.    A=*88'8r 

^  =  61'88' 

Diaupore      . 

.    A  =  40^57' 

/x  =  46'  56' 

Ep«omito     . 

.    A=-3(/'   .r 

fi  =  4-,'17' 

Fayaiite 

.  A  =  69'  sy 

^  -  47'  a/ 

Fluelliw 

.    A=72'   (y 

fi  =  1?J'  64' 

Gadolonitc  . 

.    A=»67''27' 

ft  =  5»»  4y 

GlaMiite     . 

.    A  =  56'2(/ 

fi  =  60^12' 

Go*ilaritc     . 

.    A  =  :.'J'   2' 

fi  :=--  45'  21' 

GOthite 

.    A  =  41' 53' 

fi  =  47'  28' 

Ilannotomc 

.    A  =  44-66' 

M  =  45^63' 

Hcrderite    . 

.    A  =  3SMr 

ft  =  67'  67' 

Ilraite 

.    A  =  38'6y 

ft^S***? 

Karstenlte  . 

.   x^fjrpsv 

ft «  48?  18' 

I^eadhUUtc  . 

.    A  =  e8'3(/ 

ft  =  60'  W 

Libethenite. 

.    A«=45-'28' 

ft  =  4(;'  l(/ 

Manganite  . 

.    A  =  4r>Ml' 

ft  =  49'  dff 

M area  Kite    . 
I  Mafcapnlnc 

Meagite 

Mcnotype 
'  MUpickcl 
'  NMobite 

Nitre    . 

Olivine 

Orpimont 

Phillipititc 

Polykrano 

PolVmi^rnitc 

Rwlruthitc. 
'  RcmoUnite  . 

lliMClitO 

.ScJiulzitc 
I  HnorrnUte 

Htcphanite 

Stcrnbcrgltc 
!  .StUbite 

»trontianiU- 

StruTite 

Bolphor 

HvWanitc 
.  'Tantalfte 
I  ThenardUe  . 

Tharmonatritc- 
I  Topaz  . 
I  WaveUito 
I  Withcrite 
t  Wolfram 


A  =3  68'  y 
A=r50^  y 
Am  48»  Uf 
A  -^  26'  4Cr 

A  =  64"'  air 

A  «»  68 '  5ft^ 

A«=54'  r 

A  a  »r  61' 
A«62'8:/ 
A  =  45'  <y 
A  =  45'  1' 
A«40'  8^ 
A  =  62"  86' 
A«63'42' 
A^57M2' 
Unknown. 

A  =  52P  KT 
A  =  50»  C 
A -48'  <y 
A  =  54^  17' 
A  =  5r  C 
A  —  71*  30^ 
A  =  47'  6' 
A  =  4.T  61' 
A  «  6r  61' 
A=  72' 6ft' 
Asa«8»4V 
A«8iP47' 
A  =rr  56'  24' 
A  x=  8r  56' 


M  = 
M' 
Ms 
M: 
A» 
M« 
/»  = 
M^ 

f*  = 
M« 

M  = 


c58'  y 

!«0'34' 

.8r4y 

s46'80' 
s  66^  86' 
156' 20' 
:  50'  2y 

:47^  r 
!5»'6y 

:  45'  iff 

,70'   C 

r64'5J' 
;  69?  4S' 

;JW»16^ 

leipai'. 
4r  r 

68?4(y 
61' 2^ 
8<Pf9^ 

66^24' 

M'41' 
W6flr 

«rio' 
•riar 

5«'15' 


Inelinalion  of  He  Faces  of  the  Hhomhie  Tyram%d.—\t  0  bo  the  mgUs  of  inelioition  of 
two  facea^orer  any  of  the  edges  HG  (Fig.  310),  ^  over  the  edgee  PH,  and  f  over  the 

eci'^es  PG, 


d  =  2x 


cos  !^  =  tan  j9  cos  X 


i|^ tun  i8  coA  \ 

2  tan  a 


DBSSVXD  RHOIIBIO  PTKAMItf&  4St 


Deiived  Bhombi«  Fyzamids.— From  tbo  rhombic  pyramid  jiut  described,  a 
series  of  rhombic  pyramids  may  be  derived,  similar  in  position^  but  differing  in 
magnitude  from  the  fundamental  pyramid  firomo^hich  thoy  are  derived.  These 
pyramids  may  conveniently  be  divided  into,  three  classes. 

Deiived  &homt>io  Fyzainld  of  the  First  Clasi. — This  pyramid  is  derived 
from  the  fundametttal  pyramid,  by  making  the  vertical  axes  CPj  and  CPj  (Pig.  801) 
equal  to  m  times  the  parameter  CP  (Pig,  302),  where  m  may  bo  any  whole  number,  or 
fractien  greater  or  loss  than  .imity. 

Symbols.— The  symbol  for  this  pyramid  is  1 1  w» ;  Nanmann's  iti P ;  Miller's  hhl\ 

and  Brooke  and  Levy's  B"*'  ^ 

Inelination  of  Faces,  Position  of  Poles,  S^c. — ^If  the  symbols  o,  )§,  X,  fi,  6,  0,  and  \^ 

represent  the  same  angles  as  in  the  case  of  the  fundamental  pyramid, 

a  «B  (90°  —  «)    tan  A  a=  w  tan  /8  cosec  a 

..      rt^  <l>         i.     fl       ,       i    ^         tan  ;8  cos  A.      . 

^  tts  2x     <jo«  J-:s=mtani8coeX     sin-seim  — --; — — 
2  2  tan  a 

The  poles  of  this  pyramid  always  lie  in  the  two  zones  Dj  P^  D,  and  D^P^  D4 

(Pig.  307),  being  between  the  points  P  and  C  when  m  is  less  than  unity,  and  between 

d  and  X>  when  m  is  greater  than  unity. 

Faces  parallel  to  the  following  Pyramids  of  the  First  Class  have  been  observed  in  natm'e. 

The  form  1  1  J  ;  J  P  Naumann  ;  X  1  8  Miller ;  B»  Brooke  and  Levy. 

Baryte       .       .    A5=14'»84'    fi  =  50^50' 
The  form  I  1  ^  ;  ^  P  Naumann  ;  1  1  6  Miller ;  B«  Brooke  and  Levy. 

Angleslto  .        .    A  =  19'  22'    fx  =  51°  49' 
The  form  11^;^  P  Naumann ;  1  1  5  Miller;  B^  Brooke  and  Levy. 

Baryte       .        .    A  =  22"  3^    fk  =  50°  Sty    j    Sulphur     .       .    A  =«  31^   5'    ft  =  50^  59' 
The  form  1  1  J  ;  i  P  Naumann ;  1  1  4  Miller ;  B*  Brooke  and  Levy. 

Sylranltc  .        .    K  =  15''   i'    fi  =  55^  24' 


Baryte  .  .  A  =  27°  27'  /m  =  50°  SC 
Celestine  .  .  A «  27' 81'  ft  =  52  r 
Stromeycrite     ^  A  =  25°  44'    /t  =  69'48' 


Topaz        .        .    A3s2G'56'    ft  =  62M0' 


The  form  I  1  i ;  J  P  Naumann ;  1  1  3  Miller ;  B"*  Brooke  and  Lcvj'. 


Antlmonlte  .  A  =  25' 33'  ft  =  45' 28' 

Bwyte       .  .  A  =  84M3'  fc«50°60' 

Celestine    .  .  A  =  34' 47'  ft  =  52°    1' 

Cerussitc   .  .  A  =  24^50'  ft  =  58' 37' 

Karstenite  .  A  =  26' 10'  ft  =  48°  18' 

Redruthito  -    .  A.=  32'44'  ft  =  59' 48' 


Sulphur     .  .  A  =  45'  «'  ft  =  50'  59' 

Sylranite  .  .  A  =  19' 44'  ft  =  56' 24' 

Thenardite  .  A  =  31°  50'  ft  =  64°  41' 

Topnz        .  .  A^ai"*   r  fi  =  62'10' 

Wolfram    .  .  A  =  24' 35'  ft  =  60' 53' 


The  form  1  1  i ;  J  P  Naumann ;  1  1  2  Miller ;  B^  Brooke  and  Levy. 


.    Aoffleslte  . 

A  =  46»M'    A  =  ai°49' 

Hedruthite        .    A  =  43°  57'    ft' =59'*  46' 

Anllmonsllber  . 

A  =  33°  53'    ft  =  60°   0* 

Scorodlte  .    ■   ,    A  =  38°   1'    a  =  29''65' 
Stephanite         .    A  =  32' 46'    ft  =  57<»fl0' 

Baryte 

X  =  4-.°    0'    ft  =  50°  50' 

Bourtfoflite 

A  =88' 14'    ^  =  46°50' 

StroBtianita      .    A  =  34'  49'    uzf^iV*  40' 

Brookite    . 

A  =  36M5'    fi  =  49°.W' 

etromeyeritc  .  .    A  =  43'  57'    ft  =  59^  48' 

CeruBsite   . 

A  =  34' 46'    ft  =  58' 37' 

Sulphur     .        .    A  =  56°  26'    fi  =  50»69' 

Cordierite.       . 

A  =  28' 58'    ft  =  59°  ay 

Sylvanitc  .        .    A  =  28°  17'    ft  =  55°  24' 

Olascrite  . 

A  =  36'  54'    ft  =  60°  12' 

Topaz         .        .    A  =  45°28'    fi  =  62«I0r 
Wltherlte  4       .    A  =  35'  56'    ft  =  69^  15' 

Karstenito 

A  =  86°  23'    ft  =  48°  18' 

Leadhillito 

A  =  5r46'    ft  =  60'10' 

* 

The  form  lU; 

f  P  Naumann ;  2  2  3  Miller ;  B*  Brooke  and  Levy. 

Caledonite 

A  =  54' 10'    ft  =  47^  30'    |    Childrcnite    '  .    A  =  37' 25' "  ft  =«  56°  67' 

The  form  1  1 1 ; 

1  P  Naumann ;  4  4  5  Miller ;  hi  Brooke  and  Lety."  . 

Strontianite  '    . 

A  =  48°.  S'    ft  =  58'  40^ 

432  DKBIYED  RHOMBIC  PTBAMID8. 


The  form  1  1 1;  |PNaiimann;  4  4  3Miller;  B^  Brooke  and  Levy. 
Prehnite   .       .    X  =  68°15'    ft  =  49°5S' 

The  form  1  1  .f ;  |  P  Naumann ;  3  3  2  Miller ;  b'  Brooke  and  Levy. 
Strontiaiilte      .    X  =  64»24'   ^  =  58°4(r   |   Sylvanite  .       .    X«M»ir   |(i=.55»24' 

The  form  1  12;  2PNaumann;  221  Miller;  B^  Brooke  and  Levy. 
Alfltonite  .       .    X  =  71°  C    ^  =  59^26'   I   Stephanlte        .    Xs68<»46'    11  =  570  50" 
Brookitc    .       .    X=r71°ir    /t  =  49'55'       Sternbergite     .    X  =  7ri7'    ft  =  59° 45' 
DathoUte  .       .    X^SS^lcy    ^  =  5l"» 88'       Strontianite      •    Xs=  70^14*    ««=  58^40' 
Manguiite        .X  =  80»87'fi  =  49P5(K| 

The  form  113;  3  P  Naumann ;  3  3  1  Miller ;  B^  Brooke  and  Levy. 
Herderite.       .    X  =  67''2y    ^  =  57°  57'    |   Strontianite     .    X  =  7ff»8r    ^  =  58^40' 

The  form  114;  4  P  Naumann;  441  Miller ;  fil  Brooke  and  Levy.' 
DathoUte.       .    X  =  72*>45'    ^  =  5P38'    I    Prehnite   .       .    X  =  79M8'    u  =  49»  58* 
Herderite.       .    X  =  72'3y    ^  =  57*57'    |    Strontianite      •    X  =  79°4y    ,*  =  58»4(r 

The  form  118;  8  P  Naumann;  881  Miller;  B^  Brooke  and  Levy. 

strontianite      .    X  =  84»5y    ^  =  58°40' 

SeziTed  Rhombic  Fyramid  of  the  Seoond  Class^— .This  pyramid  iafderiTed 
from  the  fundamental  pyramid  by  making  the  yertical  axes  CP^  and  GP,  (Fig.  301) 
equal  to  m  times  the  parameter  OP  (Fig.  302) ;  where  m  may  be  any  whole  number  or 
fraction,  equal  to,  greater,  or  less  than  unity ;  and  the  lesser  horizontal  axes  CH^ 
and  CH2  (Fig.  301)  equal  to  n  times  the  parameter  CH  (Fig.  302),  where  n  may  be 
any  whole  number  or  fraction  greater  than  unity. 

SymhoU, — The  symbol  for  these  pyramids  is  1  «  w ;  Naumann's  m  P  « ;  Miller's  hkl\ 

Brooke  and  Levy's  B^  B»  -  ^  G    ««    . 

Inclination  of  Faces,  Position  of  Poles,  S^c. — If  the  symbols  a,  fi,  \,  fi,  0,  9,  and  ^ 
represent  the  same  angles  as  in  the  case  of  the  fundamental  pyramid, 

cot  /i  =  n  tan  a     tan  A.  =  m  tan  /3  sec  ft     9  =  2A. 

<t>  X      A        «         •    ^       mtanjScosA. 

cos  J  =  TO  tan  3  cos  A.      sm  ^  = -^- , 

2  2       »       tana 

Four  of  the  poles  E^,  E^,  E3,  and  E4  (Fig.  307)  lie  in  the  same  circle  of  north 
latitude,  and  the  other  four  in  the  same  circle  of  south  latitude,  each  within  one  of  the 
spherical  triangles  GPD. 

Faces  parallel  to  the  following  Pyramids  of  the  Second  Class  have  been  observed  in  nature. 

The  form  1^2;  2  P  f  Naumann ;  8  7  4  Miller ;  B^  B»»  G  V  Brooke  and  Levy. 
Brookite   .       .    A  =  69°6r    ;t  =  46°   7' 

The  form  1 1  2 ;  2  P  |  Naumann;  4  3  2  Miller;  B^  B'  G*  Brooke  and  Levy. 
Brookite  .       .    X  =  68'»2fi'    ^  =  41«4y 

The  form  1  J|;  fPf  Naumann;  3  2  2MLller;  B^  B»  G*  Brooke  and  Levy. 
Piiyalite  .  .  X  =  64«5y  ^  =  99>5r  I  SUuroUte,  .  X  =  60'87'  fi  =  54'>S7' 
OUvine     .       .    k  =  65'>ir    |*  =  36°35'    | 

Theformlf  3;  3  Pf  Naumann;  321  Miller;  B^  B»  G^  Brooke  and  Levy. 
DathoUte.       .    X  =  68'  (f   ^  =  40°  C 

The  form  1  2  i  ;  i  P  2  Naumann ;  2  1  4  Miller;  B^  B«  Gi  Brooke  and  Levy. 
Baryte       .       .    X  =  87«>  36'    ^  =  8P  Sy    |    I«eadhilUte        .    X  s=  68°  51'    ^  =r  4P  y 
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The  form  1  2  f ;  IP  2  Naumann ;  2  I  3  Miller ;  B^  B^  G^  Brooke  and  Levy. 
Antimoxdte  .  ^  =  37°  21'  n  s  26=>  52*  I  Topaz  ,  .  X  =  41°  4'  u  =  48°  26' 
Sylvanlte  .       .    A  =  28°42'    ^  =  85'56'   | 

The  form  1  2  1 ;  P  2  Naumann ;  2  I  2  Miller;  B»  B^  gS  Brooke  and  Levy. 


Anffledte  .  .  A»s56°51'  /Di  =  82°2r 

Aragonite.  .  X  =  42°45'  ^  =  88°  46' 

Baryte       .  .  A  =  57°  C  ^  =  81°88' 

Brookite    .  ,  X  =  47°4l'  i*  =  59°  17' 


Celwtine  .  .  A  =  66°  43'  fi  =  32°88' 

ChrjBoberyl  .  A  =  46°  38'  u  =  5e°47' 

Datholite  .  .  A  =  80°  36'  u  =  32n7' 

LeadhUUte  .  A  =  59°10'  ,t  =  41°  6' 


The  form  1  2  f ;  f  P  2  Naumann ;  6  3  5  Miller ;  B^  B^  Gt^  Brooke  and  Levy. 
Manganito        .    A  =  37°  14'    ft  =  80°  38' 

Theforml2t;  tP2Naumann;  423Miller;  B^  B^  G^  Brooke  and  Levy. 
DathoUle.       .    A  =  88°  15'    /t  =  82°17' 

The  form  12  2;  2T»  2  Naumann;  211  Miller;  B»  B^  G^  Brooke  and  Levy. 

Manganite  .  A  =  51°  42'  ia  =  30°88' 

Orpiment  .  .  A  =  59°  21'  i*  =  39='  40' 

Smithsonite  .  A  =  48°  44'  u  =  32°  34' 

Stefnbergite  .  A  =  65°  38'  a  =  40°  37' 

Sylvanlte  .  .  A  =  56°  28'  ^  =  85°  5'/ 

Topaz        .  .  A  =  69°  5'  /a  =  43°26' 

Valentinite  .  A  =  77°  38'  it  =  51°  45' 

Wavellite  .  .  A  =  46°  83'  u  =  44°  44' 

Wolfram    .  .  A  =  63°  48'  fi  =  81°35' 


Anglesile.  .  A  =  71°  65'  ^  =  82°  27' 

Antlmonite  .  A  =  66°  24'  m  =  26°62' 

Aragonite.  .  A  =  61° 35'  /t  =  88°4y 

Brookite    .  .  A  =  65°82'  ^  =  59°  17' 

Cemasite  .  .  A  =  61°  62'  ft  =  50°  40' 

ChryBoberyl  .  A  =  69°  26'  ^  =  56°  47' 

Datholite  .  .  A  =  49M7'  /t  =  32°17' 

Epistllblte  .  A  =  42°  21'  ft  =  50°  29' 

Epaomlto  .  .  A  =  51°69'  ft  =  26°  49' 

Gosl^rlte  .  .  A  =  52°  11'  fi  =  26°  43' 


The  form  12  4;  4  P  2  Naumann ;  4  2  I  Miller ;  Bi  B^  G>  or  E3  Brooke  and  Levy. 
DathoUte    ,       .    A  =  67°   6'   ^  =  32°  17' 

The  form  1  J  §  ;  J  P  J  Naumann;  6  2  2  Miller;  B*  B^  G^ Brooke  and  Levy. 
GSthlte        .       .    A  =  58°  62'    ft  =  23°  32' 

The  form  1  V  *'»  *  ?  V  Naumann ;  14,  6,  18  Miller ;  B^  B^  qU  Brooke  and 
Levy. 

'  Brookite      .       .    A  =  38°  85'    ft  =  22°  59* 

The  form  1  3 1 ;  f  P  3  Naumann ;  3  1  8  Miller ;  B^  B*  G*  Brooke  and  Levy. 
Sylvanlte     .       .A  =  14°  27'    ft  =  26°  47' 

The  form  1  3  |;  |P  3  Naumann;  3  16  Miller;  B^  B*  G*  Brooke  and  Levy. 
Celestine  .  .  A  =  89°56'  ft  =  23°  7'  I  Topaz  .  .  A  =  33° 57'  /*  =  32°  16' 
Sulphur     .       .    A  =  50^54'    fi  =  22°22'   | 

The  form  1  3  | ;  f  P  3  Naumann;  3  14  Miller ;  B^  B*  G^  Brooke  and  Levy. 
Boumonlte       ..A  =  85° 81'    fi  =  l9°34'   |   Sylvanlte.       .    A  =  26° 69'    ft  =  25° 47' 

The  form  1  3  1 ;  P  3  Naumann ;  3  1  3  Miller;  B»  B^  G?  Brooke  and  Levy. 
Antlmonallber  .  A  =  37°  47'  fi  =  30°  0*  I  Sulphur  .  .  A  =  64°  0'  /i*  =  22°  22' 
Cclettlne    .       .    A  =  54°22'    ft  =  23°  7'    | 

The  form  1  3  | ;  fP  S  Naumann ;  3  1  ^  Miller ;  B^  B«  G^  Brooke  and  Levy. 
Baryte  .  .  A  =  64°49'  fi  =  22°iy  I  Sylvanlte  .  .  A  =  45°  81'  /it  =  25°  47' 
Cclestlne   .       .    A  =  69^50'    ft  =  23°   7'   | 

The  form  13  3;  3^  3  Naumann ;  3  1  1  Miller ;  B^  B«  G^  or  Eg  Brooke  and  Levy. 
Cordlerlte,       .    A  =  62°  34'    ,t  =  29°35'    I    Polykrase.       .    A  =  54°  18'    /ui  =  42°29' 
Nloblte      .        .    A  =  48°  26'    fi  =  2l°54'    | 

The  form  1  V^  6;  5  P  ^^  Naumann;  10,  3,  2  Miller;  B^  bV  g^  Brooke  and 

Levy. 

Brookite    .       .    A  =  72°43'   fi  =  19°37' 
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The  form  1  1%;  1 1"  i  Naamaiiii ;  72  2Mi]lGr;  B^  bI  6^ Brooke nd  Levj. 
Biookite    .       .    A  =  74«   1'    fi  =  lS*4ar 

The  form  1  4  1 ;  P  4  Naumami;  4  14  Miller;  B^  B^  G^  Brooke  and Lery. 
Celestine  .       .    A» 53*35*    m^IT^'^T   I   Leadhllite        .    X  =  51'  r  itsrSTST 
Batmotome      .    k^ZS'Sar   ^=iie2r   \ 

Theforml  4|;  |P4Naiimaim;  4  1  3  Idler;  B^  B^  6^  Brooke  and  Levy. 
Cdeatiae   .       .    A  =  69f»23'    ^sir^T   |   Topa*        .       .    A  =  M'47'    ri  =  S9*9(f 

The  form  14  2;  2  P  4  Naumann ;  4  1  2  Miller;  B^  B^  qI  Brooke  and  Levy. 
Anglesite  .       .    A  =  73=»   7'    fi=ir'3S' 

The  form  14  4;  4  P  4  Naumann;  411  Miller;  B^  B^  G^^  Brooke  and  Lory. 
Datholile  .       .    A  =  64^33'    ^=ir»32'   |    Smithsonite      .    A  =  63P45'    |*=ar»43' 

The  form  1  f  f ;  f  Pf  Natmann;  9  2  2MiUer;  B^  bV  gV  Brooke  and  Levy. 
Diaiparo  .       ,    k^GSFSff    ^=x13P22' 

Theforml5  5;  6P5Naumann;  51  1  Miller;  B^  B^  G*  Brooke  and  Lorj. 
BzooUte    .       .    A=:r;8^22'    ^  =  lS°2Sr    \  Datholite  .       .    A  =  (»'48'    fisM^Uf 

Theforml6  2;  2P6Naumann;  6  13Miller;  B^  B^  G^  Brooke  and  Lev;. 
Hiobite      .       .    A  =  60=  49^    /t  =  ir  Sr 

Daived  BJioaablc  Pyxamit  cf  the  Tldxd  Glass — ^This  pyramid  is  derived 
from  the  fundamental  pyramid,  by  making  the  vertical  axes  CPj  and  CPj  (Pig.  301) 
equal  to  m  times  the  parameter  CP  (Fig.  302),  -where  m  may  be  any  -whole  number  or 
fraction,  equal  to,  greater,  or  less  than  nnity;  and  the  greater  hoiisontal  axes 
CGi,  CGg  (Fig.  301)  equal  to  n  times  the  parameter  CH  (Fig.  302)  where  it  may  be 
any  whole  number  or  fraction  greater  than  unity. 

Symbols, — The  symbol  for  these  pyramids  is  «  1  m  ;  Naumann's,  w  P  w  ;  Miller's, 

hi:  I;   Brooke  and  Levy's,  B»  B»-iH    2n    . 

Inclination  of  Faces,  position  of  Foles,  S^c. — If  the  symbols  a,  jS,  A,  /u,  0,  tp,  and  it 

represent  the  same  angles  as  in  the  case  of  the  fundamental  pyramid, 

*  m  "  .  I 

tan  M  =  w  cot  a     tan  A  =  —  tan  jS  sec  fi 

n  I 

2       n  2  tan  a  I 

Four  of  the  poles  f^  f^,  /a,  and  /<  (Fig.  307),  lie  in  the  same  circle  of  north 
latitude,  and  the  other  four  in  the  same  circle  of  south  latitude,  whose  polar  distances 
arc  both  equal  to  A,  each  within  one  of  the  spherical  triangles  DPH.  | 

Faces  parallel  to  the  following  Pyramids  of  the  Third  Class  have  been  observed  m  nature. 

Thefonnfl4;  4P^Naumann;  341  Miller;  B^  B^  H^  Brooke  and  Levy.  l 

Smitlisonite       .    A  =  70='  42'    fx  ==  59'  35' 

The  form  ^  1  J ;  ^  P  ^  Naumann ;  2  3  6  Miller ;  B^  B*  hA  Brooke  and  Levy.  ; 

Brookite    .       .    A  =  32^46'    /a  =  60«»42' 

The  form  f  1 1 ;  |  P  a  Naumann ;  2  3  4  Miller ;  B^  B»  H^  Brooke  and  Levy.  | 

Anglesite  .       .    A  =  54M8'    iLi  =  62'20'  ' 

The  form  f  i  3  ;  3.  p  ^  Naumann ;  2  3  2  Miller ;  B»  B*  H*  Brooke  and  Levy.  I 

Brookite    .       .    A  =  62' 37'    111  =  60^42'  |    Tantalite  .        .    A  =  58°43'    f*  =  6r2flr 
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;  fP^Namnann;  4  621KUer;  B^Bo  H^BrwAe  and  Levy. 
P  2  Naumann ;  1  2  2  Mffler ;  B^  B^  H^  Brooke  and  Levy. 


Tlie  fbrm  }  1  f ; 
H«fdiaferit»    . 

The  fonn  211; 

Bournoiiite 
Ikrtholfte    . 
Stepore   • 
FaTalite     . 

Ike£irm212-; 

Bofornoiiite. 
Cerussite   . 
Chrysoberyl 

Tfaeformdl4; 

HaidiageTite     . 

The  form  311; 

Hanganite 

The  fonn  3  Ij; 

Baryte 
DathoUte  . 

The  form  313; 

Gothite      . 

The  form  1 1  3 ; 

Smithsonite      . 

The  form  4  11; 

OUyine      .    • . 

A  =  46"  34'  fA^G4Pi2' 

A  =  34*11'  /ft  =  68*24' 

A=S4«69'  ^  =  64*'5r 

A  =  54"   4'  /iA  =  65°12' 


Gdthitft      . 
Mangfuiite 
HontiMlUte 
Olivine 


A  =  36^   r  iM  =  t5°2ff 

A  =  35^    r  fi=:  67°   V 

A  =  55""   0'  ^  =  66°  27' 

A  =  64M5'  fi=66°    1' 


2  P  2  Naumann ;  1  2  1  MiBer ;  B»  B^  H*  Brooke  and  Levy. 

Epeomite  .       .    A  =  53°  y    /»  =  63°  4^ 

Ilvaite        .        .    A  =  54^aB'    M  =  71°   6' 

Smithsonite       .    A  =  52^  57'    /x  =  68<'38' 

Taatalite   .       .    A=s&e'^*    /•  =  62''47' 


A  =  64^  40'  ^  =  64'>52r 

A  =  74°  18'  ii^ir   2' 

A  =  68="  28'  t».Ts19FW 

X  =  &r9Sf  /ft  =  68^24' 


4P2  Naumann;  241  Milkr;  B^B^B^,  or  A,,  Brooke  and  Imj* 
A.  =  68"  47'    ^=5  67«i4f 

T  3  Naumann ;  1  8  3  Miller ;  B*  B«  F»  Btcoke  and  Levy. 

A  =  88°  51'    /x  =  74M7' 

|p3Naumann;  132Mffler;  B^  B*  IP  Brooke  and  Levy. 
A  =  68°  14'    /x  !=  74^  48*   I   Mispickel  .        .    A  =  69*42'    u  =  77°  18" 
A  =  44°  25'    /x  =  76°13'  |    Sylvanite  .        .    A  =91°  56'    /x  =  77^   3' 

3  P  3  Naumann ;  1  3  1  Miller ;  B^  B-  H-,  or  Ag,  Brooke  and  Levy. 
A  =  64°  16'    f*  =  72°59' 

3  P  f  Naumann ;  2  3  1  Miller ;  B^  B*  H^  Brooke  and  Levy. 

A  =  64°  24'    ^  =  62°  27' 

P 4  Naumann;  14  4  Miller;  B^  B^  H^  Brooke  and  Levy. 
A  =  52°  22'    ,*  =  76°'54' 

&hozabic  Sphenoid. — The  Rhombic  Sphenoid,  or,  Irregular  Tetrahedron,  is  a 
hemihedral  form,  derived  from  the  dotible  four 'faced  rhombic  pyramid,  by  the  develop- 
ment of  half  its  faces.     It  is  bounded  by  four  equal  and  similar  triangular  faces,  each 

ftttje,  such  aa  Bj  Bg  Bg 

(FSg.  814),  or  B4  Bj 

B5  (Fi^.  31  ff),  being 

a    scalene    triangle. 

This  solid   ha9  fimr 

three-faced  soHd  an- 
gles, Bi,  B3,  B^  B. 

(Fig.314),andB^B« 

BgjB,  (Fig.  315),  each 

equal  to  one  another; 

the    six    edges    are 

equal  to  one  another 

in  pairs. 

A  sphenoid  may 

\%  derived  from  every 

one  of  the  pyi'amids 

previously  d<McribedL 


Fig.  314. 


Fig,  315. 


To  draw  the  Rhomhic  Sphenoid.—Yig,  301  being  dra\m  with  axea  PjPj,  HiH,,  and 
.G2,  of  the  requisite  lengths  for  the  pyramid ;  the  points  B„  B^  Bg^  wid  B^  being 
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pricked  off  and  joined,  as  in  Fig.  314,  will  give  the  potUwe  tphmoid,  and  tbe  points 

Bj,  B4,  Bg,  and  B„  joined,  as  in  Fig.  315,  will  give 
the  negatwe  tphenoid. 

To  Detcribe  a  Net  for  the  Rhombic  Sphenoid.— 
Let  P6H  (Fig.  312}  be  the  face  of  the  pyramid 
j&om  which  the  sphenoid  is  derived;  a  triangle, 
each  of  whose  sides  is  twice  the  corresponding  side 
in  PGH,  will  be  a  face  of  the  derived  sphenoid ; 
and  four  snch  faces,  arranged  as  in  Fig.  316,  will 
form  the  required  net. 
Pzineipal  Combinations  of  the  Fziflatatic  System.— Fig.  317.  Chmbination 

of  a  double  four-faced  rhombic  pyramid  mth  the  faeee  of  the  right  rectangular  prim. 

ay  faces  of  iiiept/ramtd;  by  faces  of  the  baaal  pinaeoide  oo  oo  1 ;  0  P  Naumann;  0  01  Miller; 

P  Brooke  and  Levy ;  replacing  the  solid  angles  P^  and  P3  (Fig.  310)  of  the  pyramid  by 

planes. 

Cy  faces  of  the  brachg-pinaeoids  1  oo  oo ;  oo  P  oo  Naumann ;  1 0  0  Hillor ;  6  Brooke 

and  Levy  ;  replacing  the  solid  angles  G^  and  Qf  (Fig.  310)  of  the  p3rramid. 


Fig.  316. 


Rg.  818. 

dy  faces  of  the  macro-pinacoide  oo  1  oo ;  oo  P  00  Naumann ;  0 1  0  Miller ;  H  Brooke 
and  Levy ;  replacing  the  solid  angles  H|  and  H,  (Fig.  310)  of  the  pyramid. 

Fig.  318.  Combination  of  the  double  four-faced  rhombic  pyramid  with  the  faces  of 
the  right  rhombic  prism  of  the  first  order. 

If  a,  a,  &c.,  represent  the  faces  of  the  rhombic  pyramid  whose  symbol  is  1  1  1 ; 

P  Naumann;  111  Miller;  B  Brooke  and  Levy;  or  of  the  pyramid  1  Im,  mPNaumann; 

i_ 
hhh  Miller ;  B"*  Brooke  and  Levy ;  b,  b,  &c.,  will  represent  the  facesof  the  prism  1 1 00 ; 
00  P  Naumann ;  1 1 0  Miller ;  M  Brooke  and  Levy ;  replacing  the  edges  HG  (Fig. 
310)  of  the  pyramid. 

If  ay  Oy  &0.,  represent  the  faces  of  the  pyramid  nl  m;  m  P  n  Naumann  ;  by  by  Sec., 
will  represent  the  £Eu;es  of  the  prism  » 1  00 ;  oo  P  »  Naumann. 

If  0,  a,  &c.,  represent  the  faces  of  the  pyramid  Inm;  mVn  Naumann  ;  5,  by  &c., 
will  represent  the  faces  of  the  prism  1  it  oo ;  oo  P  »  Naumann. 

Fig,  319.  Combination  of  the  pyramid  with  a  right  rhombic  prism  of  the  second 
order. 

If  0,  a,  &c.y  represent  feces  of  the  pyramid  11m;  mV  Naumann ;  ft,  b,  &c,  will 

represent  the  faces  of  the  prism  1  00  m ;  m  P  oo  Naumann ;  replacing  tde  edges  P6 
(Pig.  310)  of  the  pyramid. 
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In  a  similar  manner  the  faces  of  the  prism  oo  m  1 ;  m  P  oo  Kaumaim ;  will  replace 
the  edges  PH  (Fig.  810)  of  the  pyramid. 

Fig.  820.  Oombinaiion  of  the  pyramid  with  prima  of  the  Jlrat  and  a$eond  orders. 


Fig.  319. 


bf  faces  of  the  rhombic  prism  of  the  second  order  1  oo  m;  m  P  oo  Naumann; 
replacing  the  solid  angles  Pi  P,  (Fig.  810)  of  the  pyramid  a,  a,  &c^  whose  symbol  is 
11m';  m'V  Naumann— where  m'  is  less  tiian  t». 

Cf  faoeB  of  the  rhombic  prism  of  the  first  order  1 »  oo ;  oo  P  m  Kaumann ;  r^lacing 
the  solid  angles  G^,  Gj  (Fig.  31 0),  of  the  pyramid  a,  a,  &c.)  whose  symbol  is  In'  m; 

m  P  n*,  where  n  is  less  than  n. 

dj  faces  of  the  rhombic  prism  of  the  first  order  »'  1  oo ;  oo  P  »  Naumann;  replacing 
the  solid  angles  H^  H,  (Fig.  310)  of  the  pyramid  a,  a,  &c.,  whose  symbol  is  »'  1  m; 
m  P  n*  Naumann,  where  n^  is  greater  than  n. 

Fig.  321.  Combination  of  the  pyramid  with  the  prisma  of  the  second  and  third 
orders. 

bj  faces  of  the  prism  of  the  third  order  oo  1  m ;  m  P  oo  Naumann ;  replacing  the 
solid  angles  Pj,  P,  (Fig.  310)  of  the  pyramid  a,  a,  &c.,  whose  symbol  is  Inm'y  or 

m'  P  ft  Naumann:  ornlm' ;  m'  P  n  Naumann,  where  m'  is  greater  than  m. 


Fig.  821. 

Cy  faces  of  the  prism  of  the  second  order  1  oo  m ;  m  P  oo  Naumann ;  replacing  the 
solid  angles  Gi  G,  (Fig.  310)  of  the  preceding  pyramids,  where  m'  is  less  than  f». 

df  faces  of  the  prism  of  the  third  order  oo  1  m ;  m  1*  oo  Naumann ;  replacing  the 
solid  angles  Hj  H,.(Fig.  310)  of  the  same  pyramids,  where  m'  is  less  than  m. 

Fig.  322.  Combinations  of  rhombic  pyramids. 

a,  fkces  of  the  pyramid  1  »  m ;  m  P  »  Naumann. 
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i,  faces  of  tlie  pyrsmid  1  m  «f^ ;  m'  P  n  Naamann ;  rcplaeif^  the  solid  angl 
Pi  and  Pj  of  the  pyramid  a,  «,  &c.,  with  a  fimr-fiujed  solid  an^,  "where  nfiah 
than  m. 

Cy  faces  of  the  pyramid  1  n  m"  \  m"  V  n  Xanmann ;  hoveling  the  edges  B 
(Fig.  310)  of  the  pyramid  •,  «,  «S:c,  where  m"  is  greater  than  m. 

The  same  figure  shows  the  comhinations  of  tho  pyramid  «  1  m ;  »  P  «  jSTaumani 
with  the  pyramids  nlm' )  m'  V  n  Naumann,  and  nl  nC  \  nC*  V  n  Naumaim  und 
similar  conditions. 

Figs.  323  and  324.  Combinations  of  the  prism  of  the  first  order  with  otker  forms. 


"^ 


6 


Fig.  323.  0,  &ces  of  the  pnsaia  1. 1  «> ;  io  P  Namnaim. 

hy  faces  of  the  hasal  pinacoid  oo  oo  1 ;  0  P  Naumann. 

e-^  faces  of  the  prism  1  co  1 ;  P  oo  Naumann. 

€y  faees  of  the  prism  «  1  oo ;  oo  P  «  Naumann. 
F^.  324.  a,  fkces  of  the  prism  n  1  oo ;  oo  P  n  Naumann. 

h^  feces  of  the  hasal  pinacoid,  oo  oo  1 ;  0  P  Naumann. 

^  fEUses  of  the  hraohy  pinacoid,  1  oo  » ;  oo  P  oo  Naumann. 

d^  faces  of  the  pyramid  1  1  1 ;  P  Naumann. 


FIFTH  SYSTEM — THE   OBLiaUE. 

This  system  is  called  the  oblique,  because  its  forms  may  he  deiived  from  the  ohiiqi: 
pxiam,  txr  oldique  octahedron  on  a  rhombic  base.  It  has  also  beea  called  the  moHoelim 
hedriCy  Tiemiprismtaiey  hemiorthotypey  dinorhombic^  Jt^mihedrie-rhotnbie,  and  two  mtd  on 
ns^nittrtd  By  stem. 

The  fDTms  tjf  tJiis  system  are  the  ohli^tte  prism  on  a  rectanffnlar  base;  two  ordcxs  ' 
prisms  on  rhombic  bases,  a  series  of  riff ht  prisms  on  oblique  rhombic  bases,  and  the  mdifn 
or  oblique  double  four-faced  pyramid 'mr  o^Mhedron  en  «  rhombk  i 


OBLIQUE  SYSTEM. 
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Alphabetical  list  of  minerals  bclonying  to  the  Oblique  Syatetit^  with  the  angular  tUmtnis^from 
which  their  typical  for  ins  and  axes  may  be  derived,  £  tanks  are  left  in  th6  cases  where 
the  angular  elements  have  nol  been  determined. 


» 

/, 

^7^ 

9     > 

y  ^ 

AQalt» 



'    

■ 

TjUimonttd  ■               *              * 

m  37 

53  41 

m  43 

Al^erite      . 

— ^ 

— 

-^ 

39     3 

m  5e 

59  20 

Alkniic 

«3  40 

n  155:1  i^-i 

XiepidolitQ  . 

__ 

Aiii|>hilK]il#  [|iarnl!il«ide) 

SO  U 

^4  27^77   la 

Lltinritp  (onprcoDS  f  ulph^itia  dT 

iJUiAbergitB      (&Te«aiiita      ol 

IquO)     . 

74  55 

2ft  mm  at; 

nickel} 

m  35 

i3  57 
24  V 

59  11 
71  18 

LuonitQ  [hydrous  plichBpk&teDf 

@4  31 

^5  33 

53   51 

Aufflto 

49  iQ 

2i     Q 

tiS  41 

MiiTgiirUQ  . 

_ 

Biirjt'JGuklle 

61     0 

n  26 

51  27 

-Miil.ichito  [gr«eii  cm  bonate  oi 

Biebeiitfi  {mlpliat«Qf  GDkitt}  , 

SI    a 

44   a 

50  3? 

cofip(?r) 

^ 

. 



lSQtrjo;!Ten  . 

63     ,^ 

.VI  29 

(i2  41 

MclanliTite  (^mlphate  of  liau) 

SI  53 

43  47 

!i^  4n 

ItrBfrttl^mllB 

63  2i> 

51   30 

35  J  ft 

-Mlargydlis  . 

40     % 

41    34 

m  m 

an^vlBcltt 

' — 

— 

-    f 

MiCft 

35  itr 

54  42 

ei  4ti 

Br-onzita 

49  50 

2i  10 

gj  41, 

MiriLbilitsQ  (isulpkote  ot««da)  . 

5?   U 

49  W 

4(;  30 

Hciciaundiie 

63  43 

51  4! 

35   17 

Afoiiasjite     , 

W  30 

10  54 

3ft     8 

£9  41 

Nntron  { Durbotnite  of  soda )     *  i 

5^  S2 

54  19 

45     4 

47  n 

53     1 

Parfaalte    ,               *               . 

50  S5 

31  21 

77   13 

CI^HUieTita  * 

^^ 

-^ 

■^ 

PliamiRCoUte     (jur^enlato     01^ 

DiltllRiQ        . 

49  m 

21     9 

fi5  41 

lime]    , 

54  Si 

3ft  t« 

73   ^ 

Epidota 

ii'3  4n 

51  41 

arj  1? 

Placodi|5&   ^                , 

64  ad 

3M  l# 

^     fi 

Krytiirlne  {aaSmlt  bloom] 

S3     t 

3ft  57 

ag  12 

PUiidnnife  . 

54  51 

17   37 

71     % 

Eudase 

4&  U 

21  50 

75  54 

^le^lKAT    (rod    salplim^ct    of 

Felfpiir 

65  4T 

SO  20 

fl3     7 

araonic) 

73  33 

m  £ft 

4£  50 

E^aerbleisdA 

^  S5 

fiS  ^1 

50  31 

Ebodouite  {siHcireroui  oxide 

Fieiefllebanihs  (siiliihuret   of 

of  matigajicft?)    .              , 

40  50 

24     » 

^  41 

fill  ver  imd  a  iitisu  ou  r } 

n  41 

2d     S 

Gi     1 

RhynDLilita  , 

es  37 

50  39 

eil  10 

Qaylusbsite  , 

73  50 

^r  4s 

55  15 

^chtorrritB                 ^ 

GtaubLUtU. 

B7  n 

m  5^ 

53  l(i 

6il   50 

ID     7 

73  20 

Oypsnim  {fuljilnito  of  lime]     , 

S3  l4 

IB  IB 

71   51 

flpbene 

U  37 

60  2! 

03     3 

IletGro&itc?  , 

r 

— 

— S'          ' 

4E»  50 

60  40 

05  3ft 

HitnianCiia              • 

43  53 

47  a^ 

75  2B 

jSympksitc^ , 
iTmoal  (tjorflte  of  sadaj 
rriph^llius  . 

Tlutnfte 

ei   t» 

5^  41! 

Ti7   43 

53  33 

54     2 

4ft  20 

Uurcaulitfl ,              .              , 

4:1  4S 

ss  u 

\^  au 

Hyptrsteno 

m  50 

21  10 

C^  41 

Traaa 
Vaiiqui^liiiitp 

. 

. 



Jiihiinnila  . 

n    1 

51   3S 

41   13 







Kcrmi^  (red  sntlmoaf  \           , 

-.^ 

— 

— 

VlviiDlle  {phti^fjhcitijof  iitKi)  > 

54  13 

54  32 

59  as 

Kluprotliiiie  (IttJEuMt) 

2Q  33 

5»  511 

50  10 

WagnerSte  . 

aft  25 

44  43 

56     3 

lilino'L^hne  {otillq.iic  prSjirmtlo 

Whewpllito  (oxalate  of  lime)  . 

30  47^ 

70  32 

50  39 

nrioaJUttei  af  QOpj>ei') 

34  ifl^aft  ii 

n^  1$ 

WtKilutonttt^  (Uliulaf  Bparl    . 

32^  4 

37   44< 

59  21 

Knttiifilo     . 

55     9J53  57 

'9  13 

Zoislta         .               .               . 

^-^ 

T]i«  Oblitue  Rectangular  Pxism. 

oblique  prism  on  a  rectangxilar 
base,  is  a  solid  bounded  bj  six 
faces;  two  of  these  faces  (Fig.  325), 
Bi  B,  B3  B4  and  B«  Be  B7  B,,  arc 
equal  and  similar  rectangular 
parallelograms;  two  other  faees, 
B^  B2  Bg  Bb  and  B4  B3  Br  3o  are 
also  equal  and  similar  reotaagular 
parallelograms,  differing  in  magni- 
tude from  tbe  fonner  pair ;  and  tbe 
remaining  sides,  B|  B4  Bg  £««  and 
B3  B^  B«  Br,  are  equal  and  similar 
*  oblique  parallelogi-ams. 

This   form  is   now  generally 
regarded  as  a  combination  oi  thcee 


-Tho  oblique  rectangular  prism,  or  the 


Eig.  325. 


open  ^rms,  each  consisting  of  a  pair  of  parallel  faces,  sad  sometimes  appearing  \fy 
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itself  in  combination  with  other  forms  without  the  other  two.  B^  B,  B,  B4  and 
Bs  Be  B7  Bg  are  then  called  the  boiol  pinacoidtf  Bj  B4  B,  B5  and  B,  B,  B7  B^  the 
elino'pinacoidsj  and  B^  B,  B,  B^  and  B4  B,  B7  Bg  the  ortho-pinacoids. 

Axes  of  the  Oblique  Prism  and  Oblique  Stfitetn.-^Biaect  the  edges  B^  B«,  B,  B^  &c., 
Fig.  326,  by  the  points  Mi,  M,,  M„  and  M4 ;  the  edges  B^  B,,  B4  B,,  &c.,  by  the  points 
£p  £,,  E3,  and  £4 ;  and  the  edges  B^  B4,  B,  B3,  &c.,  by  the  points  A|,  A^  A^  and  A4. 
Join  M|  M,  M3  and  M4 ;  E^  £1,  and  A^  A.  cutting  in  Pj ;  and  £3  £4  and  A,  A4 
cutting  in  P.^. 

Bisect  Ml  M,  and  M«  M,  in  G^  and  G, ;  and  also  M|  M4  and  K,  M,  in  H^  andH,. 
Join  P|  P„  H}  H^,  and  G^  G,,  cutting  each  other  in  C. 

Then  Pj  P„  Hj  H„  and  Gj  G,,  are  the  three  axes  of  the  prism,  and  also  of  the 
oblique  aystem. 

Pi  P3  is  called  the  chief  or  principal  axis ;  Hi  H,  and  G^  G,  the  leeondstry  axes* 
Hi  II,  is  the  ortho-diagonal,  and  Gj  G,  the  elino-diagonal  of  Naumann. 

Pi  Pj  and  Gj  G,  are  inclined  to  one  another,  at  some  angle  greater  or  less  than,  but 
never  ^qual  to,  a  right  angle ;  Hi  H,  is  perpendicular  to  both  Pj  P,  and  Gj  Gf,  and 
consequently  to  the  plane  in  which  they  lie. 

Favameten. — The  semi-axes  OP^,  CGj,  and  CHi,  are  the  parameters  ot  the  oUique 
system ;  the  length  of  CGj  is  perfectly  arbitrary,  but  its  length  once  chosen,  the 
magnitude  of  GPi  and  CHj  for  any  particular  mineral  depends  upon  the  angular 
elements  previously  given. 

To  determine  CP  and  CH.    Draw  CG  (Fig.  326)  of  any  convenient  length. 

Then  if  a,  jS  and  7  be  the  three  angles  given  as  the 
angular  elements  of  any  particular  substance, 

Draw  OP  making  an  angle  equal  to  180**  —  (a + j3) 
with  GG,  and  through  G  the  line  GP,  making  an  angle 
equal  to  /3  with  CG. 

Let  CP  and  GP  meet  in  the  point  P ;  through  C 
draw  CL  perpendicular  to  PG. 

Then  (Fig.  327)  draw  CL  equal  to  CL  (Fig.  326). 
Fig.  826.  Fig.  827.  ^    xhrough  0  draw  CH    perpendicular   to    CL,   and 

through  L,  LH  making  an  angle  equal  to  y  with  CL.    Let  H  be  the  point  where 
CH  and  LH  meet. 

The  lines  CG,  CH  and  CP  thus  determined  are  the  parameters  of  the  oblique 
system. 

It  appears,  therefore,  that  in  the  oblique  system  one  axis  on^  is  perpendicular  to  the 
other  two  ;  and  the  three  parameters  are  unequal, ' 

To  draw  the  Oblique  Jtectangular  Prism,— J>XKW  Bg  Bg  (Fig.  326)  equal  to  twice  CG 
(Fig.  326).  Through  B,  draw  B,  B7,  making  an  angle  of  about  80*'  with  B,  B^ ;  make 
Bg  Br  equal  CH  (Fig  327),  through  Bg  draw  B5  Bg  equal  and  parallel  to  Bs  B,,  join 
BrBg. 

Through  Bg  draw  B9B4  equal  to  twice  CP  (Fig.  326),  and  making  the  angle  B4  B,  Bt 
equal  to  the  angle  PCG  (Fig.  326) ;  through  B5,  B^  and  B^  draw  Bg  Bj,  B^  Bg,  and 
B7  Bg,  each  parallel  and  equal  to  Bg  B4.  Join  B^  B,,  B,  and  B4,  and  the  prism  will  be 
represented  in  persi>ective. 

Symbols, — ^£ach  face  of  the  oblique  rectang^ular  prism  outs  one  of  the  three  axes,  at 
a  distance  from  their  centre,  equal  to  the  length  of  one  of  the  parameterSi  and  is 
parallel  to  the  other  two  axes. 
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The  two  batal  pinaeoidi  B^  B,  B,  B4  and  B.  B«  By  Bg  cut  the  axis  P^  P,  in  the  points 
Pi  and  P,,  and  are  parallel  to  the  axes  H|  H,  and  G|  G,. 

The  symbol  which  re- 
presents the  relation  of 
these  faces  to  the  axes 
is  00  00  1. 

Naumann's  symbol  is 
OP;  Miller's,  001; 
Brooke  and  Levy's  modi- 
fication of  Haiiy  is  P, 
when  they  regard  the 
oblique  rhombic  prism  as 
the  primitiTe  form  of  the 
crystal. 

The  two  orthO'pina' 
toida  Bi  B,  B«  B5  and 
B^  B,  B,  B,  out  the  axis 
G|  G,  in  the  points  G|  and 
62,  and  are  parallel  to 
the  axes  H|  H,  and  Pj  P,. 
The  symbol  which  repre- 
sents this  relation  is  1  00  00 

Naunuum's  symbol  is  00  P  00 ;  Miller's  10  0;  Brooke  and  Levy's  H. 

The  two  elino-pinaeoida  Bj  B4  Bg  B,  and  B,  B,  By  Bj  cut  the  axis  Hj  H,  in  the 
points  Hi  and  Hj,  and  are  parallel  to  the  axes  Pj  P,  and  Gj  Gj.  The  symbol  which 
represents  this  relation  is  00 1  00 . 

Kaumann's  symbol  is  (00  P  00 ) ;  Miller's  010;  Brooke  and  Levy's  G. 

J\>  tkieribe  a  Nit  for  the  Obliqu$  Rectangular  Prism Describe  a  parallelogram 


Fig.  838. 


Fig.  S29. 


Fig.  830. 


Bg  B5  B|  B«  (Fig.  328)  equal  and  similar  to  B,  B.  Bj  B4  (Fig.  825).    Through  B|  draw 
Bi  B,  perpendicular  to  B|  B,,  make  Bj  B,  equal  to  twice  CH  (Fig.  827).    Through 
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itself  in  combixiation  with  other  forms  without  the  otls. 
B,  Be  B^  B,  are  then  called  the  hatal  pkumidi^  B|  B4 
clino'pifiacoidSf  and  B^  B,  B,  B5  and  B4  B3  B7  B,  the  ortko^^  9^  -^^ 
Axes  of  the  Oblique  Priatn  and  Obliqu$  iS^tMvi.— BiMC^     *^r' ' 
Fig.  325,  by  the  points  Mj,  Mj,  M„  and  M4;  the  edger     .f^  . 
E^,  E,,  E3,  and  E4 ;  and  the  edges  B^  B«»  B^  By  &c.. 


-'qmdastwiahi 


Join  M^  M3  M3  and  M^;  E^  £,  and  A|ik, 

cutting  in  P.^.  ^ 

Bisect  Ml  M,  and  IMCf  M,  in  Gj  and  O, ;  ar 
Join  ?!  P,,  Hi  H3,  and  G^  G^  oatttng  r 
Then  Pi  P^,  Hj  H»  and  G,  G„  axe  * 

oblique  system,  ^  -    -* 

Pi  P,  is  called  the  «iU;(^  «r  ^iHim' 

Hi  H,  is  the  ortko-diafanta,  and  G 
Pi  P,  and  Gx  G,  axe  inolinfld  t 

neyer  ^qual  to^  a  lifjbt  an|^f^^. 

consequently  to  the  plana  in 


^n-amapoftliesphere 
J»,  and  any  conyement 

one  another  in  gnch  a 

C,  the  noith  pole  of  the 

,f(/BiB4B8B5(Fig.82o), 

?o  as  the  poles  of  the  h9»^ 


system;  the  length,  of 
magnitude  of  GP|  §r 
elements  pKeriondj 
To  dfl***""^*  ^ 


parallel  to  t/te  Basal  Pinaeoids  «  ooll 
oke  and  Levy.     The  angle  is  the  longUuieoj 


^eieslcbcnite 
Gaylusite 


.y 

Glaubcritc 

.    68°  16' 

.y  T 

Heulandite 

.    91°  25' 

.    IZ^dQ' 

Humite . 

.        .  inOM8' 

.  102^26' 

Johunnite 

.    85°  2^ 

.     75°    6' 

Kermes . 

.    87°  45' 

;        .117°  34' 

Klaprothine 

.    88°  15' 

.114=50' 

Klinoclasc 

.    80°  SC 

.    86°  20' 

Lehraannite 

.        .    78°   V 

.    73°  5^ 

Lepidolite,  u 

ndetermined. 

.  114°  55' 

Linarite 

.  102'  45' 

.    92°  21' 

Lunnite 

.    90°  C 

.  115°  24' 

Malachite 

.    61°  45' 

.    71°   7' 

Melantcritc 

.    75°  4^ 

.  116°    7' 

Miargyrite 

.    81°  36'. 

i         .    87°  46' 

Mica 

.    80°    1' 

.    78°  27' 

MirabiUte 

.        .107M5' 

Monazite 

Pargaaite 

Fharmacolite 

Plagionite 

Realgar . 

Rhodonite 

Rhyacolitc 

Sphene  . 

Spodumene 

Tincal    . 

Triphylinp, 

Vuuquelinitc 

Vivianlte 

Wagnerite 

Whewellite 

Woclastonitc 


76>  14' 

75°  T 

83°  14' 

72^28' 

113°  5y 

73°  sy 

118°   t' 
94^54' 

110°  scr 
loe^sy 

nTiactcrmined. 

.  'io.s°  ay 

.  108'  7' 
.  107M9' 
.    69'  48' 


/ 


The  following  present  Cleavages  parallel  to  this  form. 


Bronzite 

Epidotc 

Felspar 

Uajlusite 

eianberds 


Humite 

Klinoeasc 

Lehmannite 

Lepidolite 

Linarito 


Malaehite 

Melanterite 

Mica 

MirabUits 

Monazite 


Bealgar 
Rhodonite 
Ehyaeolitc 
Sphene 


Triphyline 
Wagnerite 
WhewcUite 
Woolaatonite 


Faces  parallel  to  the  Ortho-pinacoids  1  qo  qo;   qo  P  ao  Xawnann;  10  0  MiUer; 
H  Brooke  and  Levy,  occur  in  Crystals  of 


Acmite 

Algcritc 

Allanitc 

Amphibolc 

Augite 

Dragtitionitc 

Brcwstcrite 

BronjUte 

Bueklondite 

CkeasyUte 


Epidotc 

Erythrine 

Euclase 

Felspar 

Feuerblende 

Freiealebenite 

GavluRite 

Oloabertte 

G>'p«im 

Healandite 


numite 

Malachite 

Uareaulite 

Melanterite 

Hyperstcne 

^liargyritc 

Kermes 

Mirabilito 

Klaprothine 

Monazite 

Klinoclaso 

Natron 

Laumonite 

Placodine 

T^hMM»fttt» 

Piagionile 

Linarite 

Rcalfl^ 

Lunnite 

Rhodonite 

Rhyacolite 

Scolesite 

Spo<lumene 

'i  incul 

Vauquelinite 

Vivianite 

Wagnerite 

WooUatonite 
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fvUmcimg  prneai  CUmvages  parallel  to  this  form. 


£pidote 

Erythrine 

EuoUue 

Gypsum 

tTyperstenr 

Ketmes 


Lanmonite 

Lekmannitc 

lAmtwlU 

Luuniie 
Miargyrite 


IMirabilite 

Monazite 

Placouine 

lU-alfrar 

Khotionite 


Spodumene 
Tincal 
Vivian  ite 
"Wagneiite 
Woohistonite 


"Uno-pinacoids  oo  1  oo ;    ( oo  P  oo )  Xaumann  ;    010  2filic}  ; 
^t'ooke  and  Lcvy^  oc'iir  in  Cryatals  of 


Klaprothine 

Mica 

Scolezite 

KSttigitc 

Mirabilite 

Sphene 

Lanmonite 

Monazite 

Spodumene 

Lehmannite 

Natron 

Symplcsite 

Lepidolite 

Par.qras.te 

Tincal 

Linaritc 

PharmacoUtc 

Triphyline 

Malachite 

Real{irar 

Vivianite 

Melanteritc 

Rhodonite 

WhewelUte 

.one 

Miargyrite 

Rhyacolite 

Zoisite 

aunile 

The  foUowhtg  present  CUavages  parallel  to  this  form. 


Aemite 

Aiii]diibol€ 

AnrnrnktrgiU 

Arfvedsonite 

AogHo 

BirmodtrU^ 


Srythri/K 

Kottigifc 

Monasite 

Rhyacolite 

XnclaBc 

LoHmatiitf. 

Natron 

Symplentt 

Felspar 

Lepidolite 

Pargasite 

Tincal 

Gtfpmm 

JfalachUe 

Pharmarolltc 

Triphyline 

HmlmidiU 

Miea 

ReaUar 

Vivianite 

llyperstene 

MirabiUtc 

Rhodonite 

WhewelUtE 

Oblique  Rhombic  Prism,  of  the  Fixst  <hrdey. — The  oblique  rhomhie  prism^ 
or  the  oblique  prism  on  a  rhombic  base,  is  a  solid  hounded  hy  six  faces,  foiir  of  which 

arc  similar  and  equal  oblique  parallclo- 
^p:^TU3j  sueh  as  Aj  E^  Eg  A3  (Fig.  331), 
and  the  other  t\;ro  are  similar  and  equal 
rhombs. 

Thia  pi-ism  is  generally  regarded  as 
an  open  form ;  iha  four  oblique  paral- 
lelograms are  then  considered  its  faces, 
and  the  ti^tuhomba  which  indose  it  the 
b^id  pin€tc0fh, 

lb  Britu?  the  Obliqtte  Sbomhie  Frism, 
— Pick  off  the  points  A„  A^  A3,  A4, 
Ej,  Ej,  By,  E4,  from  Fig.  326;   join 
tihcse  points  as  in  Fig.  331,  and  the 
prism  will  be  represented  in  perspective. 
4Syj?i/jfl^*.— Eauh  fntie  of  this  prism, 
ran  open  fbrm,  cuts  two  of  the  axes  O^  G^  (Fig.  325)  ind  Hj  H^  at  the 
I  oi  their  parameters,  and  is  parallel  to  the  third  axis  P^  Pj.    The  lymbol 
ating  this  property  is  1  1  oo ;  Naumann's  is  00  P,  Miller's  116,  Brooke  and 
Lery'sM. 


eonsidHredBS 


Fig.  su. 
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SPHB&E  OF  PROJECTION  FOR  OBLiaUE  BT8T£M. 


Bs  draw  B,  Bq  perpendicular  to  B^  B,,  making  B^  B^  equal  to  B,  B,,  and  join  Bo  B^;. 
Through  Bg  draw  B3  F  perpendicular  to  Bg  B^,  and  equal  te  B,  B«,  and  tfarou^  B5, 

B5  D  parallel  and  equal  to  B^  F.     Join  FD. 

Then  arrange  two  parallelograms  equal  and  similar  to  eack  of  the  paralidograms 
Bi  B5  Bg  «<,  Bj  B.  Be  B5,  and  B^  B5  CD,  as  in  Fig.  329,  and  the  reqiiired  net  will  be 

constructed. 

Sphere  of  Projection  for  the  Oblique  System. — To  draw  a  map  of  the  s^ere 
of  projection  for  the  oblique  system,  with  0  (Fig.  330)  as  a  oentre,  and  any  convenient 
radius  CG^  describe  a  circle  Gj  P^  G,. 

Let  Pi  C  P.^,  and  G^  C  Gj  be  two  diameters  intersecting  one  another  in  siieh  a 
manner,  that  the  angle  Pj  C  Gj  is  equal  to  «  +  )3.  Then  C,  the  north  pole  of  the 
hemisphere,  may  be  taken  as  the  polo  of  the  clino-pinacoid  B^  B|  B9  Bs  (Pig.  32o), 
Gi  and  Gj  as  the  poles  of  the  ortho-pin acoids,  and  P^  and  Po  as  the  poles  of  the  ba$al 
pinacoids. 

Crystals  of  the  follomng  minerals  present  faces  parallel  to  ike  BtwU  JPinae&ufa  go  00  1  ; 
0  P,  Naumann;  0  01,  Miller ;  P,  Brooke  and  Levy,  Ths  angle  i*  the  longitttdeef 
the  pole  P,  from  G^ . 

Allanite 

Amphibole 

Augite    . 

Barytocalcitc 

Bieberite 

Botrytfcn 

Bragationite  . 

Brcf««terite 

Bronzite 

Bucklnndite 

Chessylifee 

Epidote  . 

Euelase  . 

Felfipar  . 

Freieslebenite 

Gaylusite 


The  following  presetU  Cleavages  parallel  to  tJUs  form. 


.  114' 55' 

Glaubcrite     . 

.    68°  16' 

.     75'    2' 

Hculandite     . 

.    91°  25' 

.     73-59' 

Hutnite . 

.  100°  48' 

.  102=^26' 

Johannite 

.    &5°29' 

.     75°    6' 

Kermes. 

.    87°  45' 

.  117°  34' 

Klaprothine  . 

.    88°  15' 

.  114°  55' 

Klinoclase      . 

.    80°  SC 

.    M'W 

Lehraannite  , 

.    78°   1* 

.    73^  5^ 

Lepidolite,  undetermined^ 

.  114°  55' 

Linarite 

.  102°  45' 

.    92°  21' 

Lunnite 

.    90°  0* 

.  11 5°  24' 

Malachite      . 

.    6i°45' 

.    71°  r 

Melanterite    . 

.    75°  40' 

.  116°    7' 

Miargyrite     . 

.     81°  36'. 

a         .    87°  46' 

Mica 

.    80°    1' 

.    78°  27' 

Mlrabilite      . 

.  107°  45' 

Monazite 

.     76°  14' 

Pargasite 

.     75°   2' 

FharmacoUte 

.    83°  14' 

PlagiDBite      . 

.    72°  38' 

Realgar . 

.  118°  55' 

Rhodonite     • 

.     78°5y 

KhyacQlite     . 

.118°  e' 

Sphetie  . 

.    9*'54' 

Spodamene    . 

.  ursc 

Tincal    . 

.  106°  sy 

Triphyline,  undetermined. 

Vauqvcliiute 

Vivianlte 

.  108°  sy 

Wagnerite     . 

.  108°   7' 

Whewellito    . 

.  107°  19' 

Wootafltonitc 

.    69°  48' 

Bronzite 

Humite 

3falaehite 

Epidote 

Melanterite 

Felspar 

Lehmannite 

Mica 

Uajlusite 

Lepidolite 

Miramite 

eiottberita 

Linarite 

Monazite 

Bealgar  THphyline 

Rhodonite  Wagnerite 

Bhvacolite  Whewcllite 

Sphene  Woola«tonite 


Faces  parallel  to  the  Ortho-pinacoids  1  00  00  ;   oo  P  00  Naumann  ;  1  0  0  MiUer ; 
H  Brooke  and  Levy,  occur  in  Crystals  qf 


AcmKe 

Algerite 

Allanite 

Amphibole 

Augite 

Bragationite 

Brcwstcrite 

Bueklandite 
CkMiyUte 


Epidotc 

Erythrine 

Euclase 

Felspar 

Feiierblende 

Freieslebenite 

GayluBite 

OlMibecile 

Gypsum 

HeaUndite 


Humite 

Malachite 

llureaulite 

Melanterite 

Hyperstcne 

Miargyrite 

Kermes 

Mirabilite 

Klaprothine 

Monazite 

Klinoclase 

Natron 

Laumonite 

Placodinc 

T.^bw>»wr>it> 

Realgar 

LtiBStitc 

Rhodonite 

Rhyacolite 

Scolezite 

Spodumene 

lineal 

Vauquelinite 

Vivianite 

Waolastonite 
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TAe  foUoii'utg  preutU  Cluvouges  parallel  to  this  form. 


Aomito 

Hpidcte 

AmpfalMe 

Krythrine 

Augite 

Kttolaae 

Brew»terlte 

GypsuBi 
Mypenttenei 

BrMisite 

ChMsyUU 

Kermes 

Lanmonite  IMirabilitc  Spodumcne 

Lekmunnite  Monuzite  Tincal 

Limtu-its  Placodine  Yivianite 

LuuniLo  Rt-algar  \fagnoiite 

Miai*gyrite  Khouonito  Woohistonite 


Faces  parallel  to  the  CUno-pinacoida  ooloo;    (ooPoo)  Naumann ;    010  MUlcr  ; 
G  Brooke  and  IjfVf/f  occur  in  Cryntala  of 


Acmite 

Epidloto 

Klaprotbine 

Mica 

Seolezite 

Algerite 

Krythrine 

Kdttigito 

Mirabilite 

Sphenc 

Amphibole 

Kuclase 

Laumonite 

Monazito 

Spodumcne 

Annabergito 

Felspar 

Lehmannite 

Natron 

Symplcsite 

Arfvedsonito 

Feuerblendo 

Lcpklolito 

Piirgasite 

Tincal 

Augito 

Gypsum 

Linaritc 

Pharmacolito 

Triphyline 

Botryogen 

Ileulaiidite 

Malachite 

Realgar 

Vivianite 

BrewBtorlte 

Humito 

Melanteritc 

Rhodonite 

Whewellite 

Bt'onisito 

Hyperstene 

Miargyrite 

Rhyacolitc 

Zoisite 

Chessylite 

Johannite 

The  foUawtng  present  Clea»a§es  parallel  to  this  /omi. 


Aomite 

Amphibole 

Annmlfcrffiie 

Arfvedsonite 

AufHe 

BrswderUe 

Bronzito 


Erythrine 

KSttiffite 

Monazite 

Rhyacolitc 

Xielam 

Laumonite 

Natron 

Sffmplentt 

FcUpar 

Lepidolite 

Pargasitc 

Tincal 

Oypsttm 

Mdlaehite 

Pharmacolltc 

Triphyline 

nmOandite 

Mioa 

Realgar 

Vwuimtt 

llyperstene 

MirablUtc 

Rhodonite 

WhewellitE 

Oblique  Rhombic  Pzism  of  tho  Fixst  ihrdex.— The  oblique  rhombic  prism, 
>r  the  oblique  prism  on  a  rhombic  base,  is  a  solid  hounded  hy  six  faces,  four  of  -which 

are  similar  and  equal  oblique  parallclo- 

jE^^ ^7^^     _        grams,  such  as  Aj  E^  E^  A^  (Fig.  831), 

and  the  other  t\;ro  are  similar  and  equal 
rhombs. 

This  piism  ia  generally  regarded  as 
an  open  form ;  ihG  four  oblique  paral- 
lelograms are  then  considered  its  faces, 
and  the  two  rhombs  which  inoIoM  it  the 
bawl  pinaeoids, 

Tii  Draw  the  Oblique  JthamUe  Frism. 

— Pick  off  the  points  A|,  A^  Ag,  A4, 

El,  Ej,  E3,  E4,  from  Fig.  828;   join 

these  points  as  in  Fig.   331^  aad  the 

I  will  be  Toprcscnted  in  perapectiye. 

5|y9n^2f.->Each  face  of  this  prism, 


Fig.  SU. 


msidered  as  an  open  form,  cuts  two  of  the  axes  O^  O,  (Fig.  325)  and  H^  H^  at  the 
ctremities  of  their  parameters,  and  is  parallel  ia  the  third  axis  P^.  V^.  The  lymbol 
ipreaenting  this  property  is  1  1  qo  ;  Naumann's  is  00  P,  Miller's  116,  Brooke  and 
evy's  M.  .  > 
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OBLIQUE  RHOMBIC  PRISM,  FIRST  ORDEB* 


To  Describe  a  Net  for  the  Oblique  Rhombie  Frism  of  the  First  Or/^.— Bisect  Bj  B, 
(Fig.  328)  and  F  I)  by  the  points  A,  A4,  also  the  lines  B5  D  and  Bg  F  by  £,  and  £4. 
g  Join  E3,  A3,  E4,  and  A4 ;   then  £4  A,  £,  A4  will  be 

the  rhomb  which  forms  the  base  of  the  prism. 

Through  B5  (Fig.  328)  draw  B5  K  perpendicular  to 
B4  B,.    In  Be  B.  take  B«  L  equal  B5  K.    Join  B5  L. 

Then  (Fig.  332)  draw  M  N  equal  B,  L  (Fig.  328), 
M  P  perpendicular  to  M  N 
and  equal  B,  K  (Fig.  328). 
Join  r  N,  and  bisect  it 
in  Q ;  produce  P  M  to  R, 
and  midce  P  R  equal  B9  B^ 
(Fig.  325).  Through  Q 
draw  Q  S  parallel  and 
equal  to  P  R ;  and  join 
RS. 

PQRS  will  be  one 
of  the  four  oblique  paral- 
Fig.  382.  lelograms  forming  one  of  ^^*'  *^' 

the  sides  of  the  prism.    Four  sudi  parallelograms,  and  two  rhombs  equal  A4  £3  A,  E4, 
arranged  as  in  Fig.  333,  will  form  the  required  net. 

Foles  of  the  Oblique  Rhombic  Frism  of  the  First  Order  on  the  Sphere  ofFrqfeetum.—'Die 
four  poles  of  this  form  lie  in  the  zone  or  meridian  Q^  C  G,  (Fig.  330) :  two,  A^  and 
Ao  (Fig.  330),  where  the  circle  of  north  latitude,  whose  polar  distance  from  0  tb 
north  pole  is  X,  cuts  the  zone  G^  C  G, ;  and  two  where  the  circle  of  south  latitude, 
whose  polar  distance  from  the  south  polo  is  \,  cuts  the  same  zone.  K  is  determined 
from  the  formula — 

tan.  A  ==  sin.  fi  tan.  7  cosec  (a  +  j3), 

where  a,  j3,  and  7  are  the  three  angles  preyiouslj  giyen  as  the  angular  elements,  for 
the  substance,  whose  poles  for  this  form  are  required. 

Folee  parallel  to  the  Oblique  Rhombic  Prism,  1  1  00;  oo  P  Kaumann;  110  Miller; 
M  Brooke  and  Levy,  occur  in  the  folloujvng  Minerals.  The  angle  is  the  angle  A, 
which  determines  the  Latitude  of  their  Poles, 


Aemite  . 

.       .    48»28' 

Algerite 

.  470  C 

Amphibole 

.    62«   & 

ArfvedMmite 

.    62»   V 

Augite  . 

.    43-83' 

Barytoealoite 
Bieberite 

.    42O20' 
.    41»10' 

Botryogen 

,        .    69»68' 

.    e9P   (f 

Bronxite 

.    430  88' 

Buoklandite 

.    81°  84^ 

ChessyUte 

.    49»4fl' 

Epidote . 

.        .    8P84' 

KqcImw. 

.  570  2y 

Felspar. 

.    69»24' 

Fenerblende 

,     .  ea^w 

.    59»8e' 

Gmylnaaite     , 

,    S4«2y 

Glanberite     . 

.    4I04O' 

Monasite 

.    46°  85' 

Gypsum 

.    66°  41' 

Natron  , 

.    38°  14' 

Heulandite    . 

.    680    y 

Pargasite 

.    62°  15' 

Homite . 

.    26»15' 

PharmacoUte 

.    68°42' 

HoreauUte    . 

.    31°  ly 

Plaoodine 

.    32°  Iff 

Hyperstene   . 
Johannite      . 

.    430  16' 

Realgar 

.  37°  ly 

.    340  80' 

Rhodonite 

.        •    48°33' 

Klaprothine  . 

.    45°  45' 

Scolezite 

.    48°  48' 

Klinoelase 

.    28°   C 

Sphene  . 

•    6e°64' 

Laomonite     . 

.    43°    8' 

Spodomene 
Tincal    . 

.    4»»W 

Lehmannite  . 

.    46°  62' 

.    48°3ff 

Lepidolite      . 
Linarite 

.    69°  30' 
.    30°30' 

Triphyline 
Viipianite 

.        •    66°  C 
,       •    5SI*9ff 

Malachite      . 

.    68°  40' 

Wagner!  te 

,       .    47°42' 

Melanterite  , 

.    41°l(y 

Whewellite 

►        .    50°18' 

Miargyrite     . 

.    19049' 

Woolastonite 

.        .    47«4r 

Mica      .       . 

.    60°  2y 

Zoialte  . 

.     .  w  y 

MirabiUte      , 

40»iy 

^ 
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The  foUofting  present  Cleavoffes  parallel  to  thit  prism, 

AemUe  Felspar  Laomonite  Fargasits  Sphene 

AmpkihoU  Freiesleb«nite  JLehmannits  Flacodine  Spodumene 

Arfoedsonits  OaylustiU  Lepidolito  Realgar  Tincal 

Avgite  Olauberite  Melanterite  Rhodonite  Triphyline 

Botryoam  Hyperstene  Mica  8eolezite  WheweUite 

Chessylite  Johannite  Matron 

Oblique  Rhombie  Prisms  derived  from  the  Obliqus  JRhombie  Prism  of  the  First  Order 
1  1  00 ,  ^  increasing  the  axis  CHi,  or  the  Orthodiagonal  H^JS^- — ^These  prisms  will  be 
similar  in  magnitude  and  position  to  the  prism  1  1  oo  (Fig.  331)  from  which  they  are 
derived,  but  will  differ  in  magnitude.  To  draw  these  prisms  and  describe  their  nets, 
we  must  make  Hj  H,  (Fig.  325)  equal  to  n  times  the  parameter  GH  (Fig.  327),  where 
n  may  be  any  whole  number  or  fraction  greater  than  unity.  Making  this  alteration 
in  Fig.  325,  the  points  Ap  Aj,  A^,  A|,  and  £p  Ej,  £3,  £4,  will  give  the  angular  points 
of  the  derived  prism.  From  Fig.  325  so  altered,  the  net  for  the  derived  prism  may  be 
obtained  in  the  way  described  for  the  prism  1  1  oo . 

The  symbol  which  represents  the  relation  of  this  derived  prism  to  the  axes  of 
the  oblique  system  is  1  n  oo;  Naumann's  is  00  P  n;  Miller's  kho\  Brooko  and 

njJL 

Levy's  H»-i. 

Position  of  the  Pohs  of  these  derived  Prisms  on  the  Sphere  of  Projection ^The  four 

poles  of  these  prisms  lie  in  the  zone  or  meridian  G^  C  Gj  (Fig.  330).  Two  where  the 
circle  of  north  latitude,  whose  polar  distance  from  C,  the  north  pole,  is  X,  cuts  the 
zone  61  C  Gj,  these  points  h^  and  h^  always  lie  between  A|  G^  and  A,  G, ;  the  other 
two  poles  will  be  where  the  circle  of  latitude,  whose  south  polar  distance  is  X,  cuts  the 
same  zone.    K  is  determined  from  the  formula 

tan  A.  =  ft  sin  j3  tan  7  cosec  (a  -|-  j3). 

Faces  parallel  to  the  following  forms  of  these  Prisms  have  been  observ,ed;  the  angle  given 
for  each  Mineral  is  X. 
The  form  1 1 « ;  <»  P  f  Naumann ;  4^3  0  Miller;  H^  Brooke  and  Levy. 

Euclase  .       .       .64°  24'  |  Freieslebenite       .    66<'  21'  (  Realgar         .       .    45'>  2V 
The  form  1  f  « ;  00  P  |  Naumann ;  3  2  0  Miller ;  H*  Brooke  and  Levy. 
C!hessylite      .        .    60^  85'  I  Euclase .        .       .    66°  5^  I  Flacodine       .       .    43»  28' 
Erythrine      .       .    65°   5'  |  Lehmannite  .       .  •  58»   1'  |  Wagnerite     .       .    58»  46' 
The  form  1  2  oo ;    00  P  2  Naumann ;  2  1  0  Miller ;  H^  Brooke  and  Levy. 

Amphibole    .  .    62°  15'  I  Euclase  .      .       .72°  17'  I  Realgar         .       .    56°  38' 

Botryogen    .  .    40°  52'    Lehmannite  .       .    64°  54'    Wagnerite     .       .    f  5°  82' 

Chessylite     .  .    67°  4'    MirabiUte      .       .    22°  59'    Zoiute    .       .       .    72°  44' 

Epidote.       .  .    50°  51' I 

Botryogen  has  a  cleavage  parallel  to  this  form. 

The  form  1  f  oo ;  oo  P  f  Naumann ;  5  2  0  Miller ;  Hs  Brooke  and  Levy. 
Realgar.       .       .    62°  14' 

The  form  1  3  00 ;  00  P  3  Naumann ;  3  1  0  Miller ;  H*  Brooke  and  Levy. 

Amphibole     .  .    80°   S'  I  Freieslebenite       .    78°  56'  I  PharmaooUte        .    78°  33' 

Angite   .       .  .    70°  40'    Miargyrite     .       .    45°  15'  |  Vivlanite       .       .    77°  7' 

Felspar.       .  .    29°25'| 

Oblique  Rhombic  PrisfHs  derived  from  the  Oblique  Prism  1  1  00 ,  2>^  increasing  the  axis 
OGj,  or  the  Clino-diagonal  G^Gj.— These  prisms  also  will  be  similar  in  magnitude  and 
position  to  the  prism  1  1  qo  (Fig.  331),  from  which  they  are  derived ;  they  may  be 
drawn  and  their  nets  described  by  making  CG|  and  CGj  (Fig.  325)  equal  to  n  times  the 
parameter  06  (Fig.  326),  where  n  may  be  any  whole  number  or  fraction  greater  than 
unity. 
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BIGHT  PSISM  Oir  AX  OBLIQDX  KBDMHC  BABE. 


The  symbol  which  imttcjaati  the  rdatkm  of  tiie  dsrired  prua  to  the  axes  of 
the  oblique  system  is  »  1  oo ;   Naumaimfs  is  (oo  P  »] ;  IGDei^s  k  k  o;  BmalB  and 

Levy's  G»-i. 

Position  of  the  Poles  of  these  derived  Prints  Ms  the  Sphtn  •/  JPrqfeetwm, — Tke  four 
poles  of  these  prisms  lie  in  the  xoae  or  meridian  G^CG^  (Fig.  330),  twovhoe  tibecircle 
of  north  hititade,  whose  polar  distanfe  ftom  C,  the  north  pole,  ia  A,  eats  tiie  acne 
G,GG^ ;  these  points  d^  and  d^  always  lie  detween  CA,  and  GA, ;  the  oihor  two  poles 
will  be  where  the  circle  of  latitude^  whose  aoath  polar  diatanee  is  A,  c«ta  tke  aasifr  aona 
A  is  determined  from  the  formula 

tan  A  =  —  sin  ^  tan  7  cosec  (a  +  jB). 

Faces  par^Uei  to  tTie  foUovrhitf  forms  of  these  Prisma  have  been  observed;  tks  mngle  ymm  for 

each  Mineral  is  A. 
The  form  1 1  oc  ;  (00  P  DNanmami ;  5  6  0  Miller;  G"  Brooke  and  Lery. 
Freieslebenite       .    51^51' 

The  form  4  1  «  ;  («  P  #)  Naumann ;  3  4  0  Miller ;  G'  Brooke  and  Levy. 
Eryihrine     .       .    47«    C 

The  form  f  1  » ;  («  P  |)  Naumann;  2  3  0  Miller ;  Gfi  Brooke  and  Lery. 

Realgar        .       .    26'  51' 

The  form  ^  1  00 ;  (00  P  |)  Naumami ;  3  5  0  Miller ;  G*  Brooke  and  Xevy. 
Freieslebenite       .    45'  ZV 

The  form  2  1  « ;  (oc  P  2)  Kaumann ;  1  2  0  MiHer ;  (P  Brooke  and  Levy. 


Auj^ito  . 
Brewsterite  . 
Chessylite 
Freieftlebcaute 


.  25°  25' 

.  5P    4' 

.  30'  35' 

.  40^  W 


Gypsum 
Lehmanntte  . 
Lonnitc 


36"  12'  I  Monazite 
28®    6'  tWagnerite 
19^  28'    WheweUitc 


27°  61' 
28='  47' 
Sio    8' 


Freieslebenite  and  Wagneiite  have  cleavages  i)arallel  to  this  form. 

'JTic  form  3  1  00 ;  (00  P  3)  N"aumann ;  1  3  0  Miller;  G*  Brooke  and  Levy. 


Amphibolc 
Augite  . 


21'  I  Barytocalcitc 
35'  I  Gypsum 


16^  27'  I  Sphene    . 
26"    r  \  Spodomene 


ZSP    V 


night  Prism  on  an  Oblique  Rhombic  Base.— This  prism  has  two  faces 
A^  Ao  M2  Ml  (Fig.  334)  A3  A^  M3  M4,  which  arc  similar  and  equal  reetangular  paral- 
lelograms, two  other  feces  Ai  Aj  M3  M4  and 
M^  M2  A4  A3  aJso  rectangular  parallelograms,  and 
similar  and  equal  to  each  other,  all  inclosed  hy  the 
two  faces  Aj  M^  A3  M^  and  Mj  Ao  M3  A4  which 
are  similar  and  equal  oblique  parallelograms. 

The  four  rectangular  parallelograms  are  the 
faces  of  this  prism  when  it  is  regarded  as  an  open 
form ;  tho  ohlique  parallelograms  which  inclose  it 
arc  then  the  faces  of  the  clino-pinacoids. 

The  four  faces  of  this  prism  cut  the  two  axes 
Pj  P3  and  Gj  G^,  in  the  points  P  and  G,  and  are 
parallel  to  the  third  asia  Hj  II,  (Fig.  326). 

The  two  faces  A^  A.>  Mo  M^  and  M4  M3  A4  A,  are 
called  the  positive;  and  Aj  A«  M4  M3,  M^  M3  A3A4 
the  ncnative  ortho-domes. 


Figr.  334. 


SIGHT  PBISM  ON  AN  OBLIQUE  EHOMSXQ  BABX. 
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To  draw  this  pmm  we  hare  only  to  prick  off  the  points  A|,  A,,  A^  A^  £|,  E^  E.^j 

and  E4  (Fig.  325),  and  join  them  as  in  Fig.  334. 

SywMi. — The  isymbol  which  represents  the  relation  of  this  prism  to  the  axes  of 

the  ohliqoe  system  is  I  qo  1 ;  Nanmann's  is  P  oo,  Miller's  10  1,  Brooke  and  Levy's 

0\  for  the  positive  orthth-ehmes  ;  and  1  00  1,  ^  P  cc  Nanmann,  I  0  1  Miller,  A^  Brooke 

and  Levy,  for  the  negative  ortho-domes. 

Net  for  the  Right  Priam  on  an  Oblique  Rhombic  ^om.— Describe  two  oblique  rhombic 
paraUdograms  simihir  and  equal  to  A^  Mi  A;^  M4  (Fig.  334),  two  rectangular  parallelo- 

gnaoBj  haying  their  breadth  equal  to  r \ 

Aj  M^  and  length  to  twice  M^  Ai,  and  \  \ 

two  otiier  rectangular  parallelograms  of  \  \ 

the  same  length,  but  having  their 
breadth  equal  tor  Mj  A3  ;  arrange  these 
six  parallelograms  as  in  Fig.  335,  and 
the  net  will  be  constructed. 

Position  of  the  Poles  of  tlie  Prism  on 
an  Oblique  RAombie  Rase  on  the  Sphere 
of  Projection, — The  four  poles  of  this 
prism  always  lie  in  the  equator,  Ej  Pj  Ej, 
Fig.   330,  the  poles   of   the    positive 

ortho-domes  between  P^  Gj  and  P^  G^,  Fig.  335. 

the  arc  G^  Ej  being  equal  to  the  arc  Gg  E2 ;  Fj,  Fg  the  polee  of  the  negative  ortho- 
domes  between  Pj  Gg  and  P,  G^,  the  arc  G^  F^  being  equal  to  Gg  Fg. 

To  determine  the  longitude  of  E^  from  G^,  we  have  the  following  formulse : — 

If  <f>  be  such  an  angle  that  tan  ^  =  sin  )3  cos  (o  -\-  $)  cosec  o. 

And  fi  such  an  angle  that  cot  ft  =  shup  cosec  (45''  -{-  (p)  sin  45**  tan  (o  -f  0). 

Then  longitude  of  E^  equals  fi  +  a  +  fi —  90, 

To  determine  the  longitude  of  F^,  we  have 

taa  ^  =  —  tin  ^  cos  (a  -|-  j3)  coeec  a, 
And  cot  /t  =  sin  ^  coaec  (45'  +  ^)  sin  45''  tan  (a  +  $). 

Faces  parallel  to  the  Right  Prism  on  a  Rhombic  Rase  have  been  observed  in  the  following 
Mineraia  ;  tbe  angle  is  that  of  their  longitude. 

The  form  1  00  1 ;  P  00  Naumann ;  1  a  1  Miller ;  0 J  Brooke  and  Lev r. 


AUtnite    . 

.      .    63P40' 

Freieslebenitc 

SP  41' 

M(maiit& 

.    S9»2(r 

Amphibole    . 

.     .  .50O3S' 

Gypsttm 

520  16^ 

Natron 

.   sr>52' 

AuKite   . 

.    49=60' 

Humite 

G4=    0' 

riacodine 

.    64«66' 

Barytocalcite 

.  6P  (y 

Johannite      .        . 

34=    1' 

Sealgar 

.    7*0  83' 

Bieberite 

.    3P    0' 

Kermes 

72=   6' 

Khyacolite 

.    65=37' 

Botryogen 

.  ey>  6' 

Klaprothine 

29^25' 

Sphene 

.    34»2r 

Bragationitc 

.    03=25' 

Klinoclase     . 

24=  18' 

Triphyliue 

.    imdet. 

ChcRsylice      . 

.   4,y>  4' 

Lehmannite  . 

390    2* 

Vauquelinitc 

.    iindet. 

•  Epidote 

.    63M3' 

Melanterite   . 

31=  63' 

Vivianite 

.    54»13' 

Erythrine      . 

.     65=    9' 

MiarjfjTite    . 

40=    2' 

Wagneritc 

.    68' Sy 

Kuclase 

.     49^  17' 

Mirabilite      . 

57=  55' 

Whewellite 

.    SCO  47' 

Felspar 

.    6d»48' 

Euclase  has  a 

cleavage  parallel  to  this  form. 
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OV  AM  OBUQUE 


l1«o  1;  ~P«oNl 


ILefj. 


ur  y 


CP  (Fig.  326); 

Kries  of  prima, 

(Kg-SM), 


Aoi^or 


Byryttwaleitc 

GjflMM 

Bnytoealdfte  bas  a  clesTB^  pazvlkl  to  flus 

Bf  nukhig  CP|  and  CP,  (Fig,  325)  eqiul  to  at  times  the 
andfiom  (Fig.  325)  ao  altered  deririiig  a  prism,  asinR^  334,  a  ne^ 
ginnlaT  in  fonn.  and  position,  bat  diflkring  in  magwitiide  fiom  tim 
may  be  finned. 

M  ma  J  be  anj  firaetion  or  Ybole  nnmber  greater  or  leas  than  nnitj. 

The  symbf^  fiir  these  prisms  will  be  +  l,aB,si;+siPoB  Kam 

%o  k  Miller ;  and  O^  or  A^  Brooke  and  Lerj,  acooiding  as  the 

positiTe  or  negatire. 

The  fiiimnlc  finr  determining  the  kmgitiide  fiir  the  poles  of  these 

lie  in  the  equator,  are, 

tan^  =  +  msin/ioos(c-)-/Q  coaee c 

cot  /t  =  sin  f  eosec  (45  +  f  )  sin  45  tan  (c  +  /I) 

and longitnde eqnal tofi  +  a-^  6  —  90. 


Faea  paraOd  to  ihue  derived  Frimu,  with  the  ffOowin^  aaf  1st  far  ifrfiii  ■■liij  the 
LongiUuU  of  their  Folet,  have  been  obeerveiin  neiurt. 

The  finrm  1 «  ^ ;  ^  P  oo  Nanmann ;  1 0  8  Miller ;  O^  Brooke  and  Leyy. 
Cbe»7lite     .       .    84''  5y  |  Linarite  .    99°  Ifir 

The  finm  1  oc  ^ ;  ^  P  oo  Naumann ;  1  0  5  Miller ;  0*^  Brooke  and  Leyy.  . 

ChewyUte     .       .    W>ZV 

The  form  1  oo  ^  ;  ^  P  oo  Kaomann ;  1  0  3  MiHer ;  Oi  Brooke  and  Levy. 


wUdiaD 


BacUandite  . 

.    98<»88'    Kermes. 

.  102»  y  1  Melanterite   . 

.    5r4fi' 

Epidote .       . 

.    98°  38'    KUprothine  . 

.    58°  SC  1  riTianite       . 

.    89'  y 

ErTthrine      . 

.    89^52' 

Erythrine  has  a  deayage  parallel  to  this  finrm. 

Thefi)rmlQo|;  |  P  oo  Naumann ;  205Miller;  oi  Brooke  and  Leyy. 

Woolastonite        .    49°  18^ 

The  form  1  oo  } ;  }  P  oo  Naumann ;  1  0  2  Miller ;  0<  Brooke  and  Leyy. 

Braifatiomte  .       .    88^  58*  I  Epidote  .       .       .    89°  27' I  Lmmite         •       .    7«»84' 
CheMjlite     .       .    64°  2y  I  Laumonite    .       .    68°  40^  |  Sphene  .       •       .    U°  ST 

The  form  1  cc§;  §PooNaumann;  2  0  3  Miller;  oi  Brooke  and  Leyy. 
Felq»ar  .       .       .    81°  54'  1  Linarite        .       .    83°  42*  |  Woolastonite         .    40^  7 

The  form  1  oo  ^ ;  f  P  oo  Naumann ;  5  0  6  Miller ;  0  A  Brooke  and  Leyy. 
linarite        .       .    78°  59* 

2 

The  form  1  oo  | ;  |  P  oo  Naumann ;  4  0  3  MiUer ;  0?  Brooke  and  Leyy. 
Felqwr .       .       .    53°  40^  I  Hmnite         .       .    54°  29^ 


RIGHT  PRISMS  ON  OBLIQUE  RHOMBIC  BASE. 
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The  form  loo  J; 

AUanite 
The  form  loo 2; 

Bra(Brationite . 
Chessylito     . 
Epidote 
Felspar  . 
Gaylussite     . 

The  form  loo  3 ; 

Bragationite . 
Theforraloo4; 

Hnmite . 

The  form  1  oo  J ; 
Angite  . 

The  form  1  oo  }  ; 
Angite  . 
Chessylite      . 

The  form  1  oo  f ; 

Woolaatonite 
The  form!  oo  4; 

Humite. 
The  form  1  oo  J ; 

Erythirine 

The  form  1  oo  2 ; 
Amphibole  . 
Bragationite . 
Chessylite  . 
Felspar . 

The  form  1  co  3 ; 

Lehmannite  . 
The  form  1  oo  4 ; 

Homitc.        .       . 


f  P  00  Naumann ;  3  0  2  Miller ;  0*  Brooke  and  Levy. 
.    34°  SO*  I  Chessylite      .       .    Sy  24'  |  Epidote  .       .       .45'  37' 
2  P  00  Naumann ;  2  0  1  Miller ;  0^  Brooke  and  Levy. 

Heulandite    .       .  25'>25' 

Humite         .       .  4(P37' 

Lehmannite  .       .  23°  55' 

Linarite         .       .  5I«  54' 

.  82°  26' 


340  19' 
26°  y 
34"  21' 
35°  45' 
51°  51' 


Plaeodine      . 

.    45*' 15' 

Realgar 

.    44"   2' 

Rhyacolite    . 

•    35038' 

Vivianite       . 

.    29^29' 

Woolastonite 

.    19°  Sy 

Mirabilite      . 

3  P  00  Naumann ;  3  0 1  Miller ;  0 «  Brooke  and  Levy. 
.    22°  22' I  Chessylite     .       .    18°   1' |  Miargyrite    .       .    17°  38' 

4  P  00  Naumann ;  4  0  1  Miller ;  0*  Brooke  and  Levy. 
.    21°  38'  I  Lehmannite  .       .    13°  6' 

—  J  P  00  Naumann ;  3  0  1  Miller ;  A^  Brooke  and  Levy. 
.  144°  28'  I  Gypsum        .       .    92°  2' 

—  J  P  00  Naumann ;  2  0  1  Miller ;  A*  Brooke  and  Levy. 
.  89">  20'  I  Laumonite  .  .  125°  41'  I  Lunnite .  .  .  103°  26' 
.  119'  16'  I 

—  f  P  00  Naumann ;  2  0  3  Miller ;  A^  Brooke  and  Levy. 
.  114°  17' 

—  4  I*  <»  Naumann ;  4  0  3  Miller ;  A*  Brooke  and  Levy. 
.  187°  86' 

—  f  P  00  Naumann ;  3  0  2  Miller ;  A*  Brooke  and  Levy. 
,  152°  SI' I  Glauberite     .       .  135°46' |  Klinocl^e     .       .  161°00' 

—  2  P  00  Naumann ;  2  0  1  Miller ;  A^  Brooke  and  Levy. 


130°  6' 

167°  20' 
154°  44' 
157°  7' 


Glauberite 
Heulandite 
Humite 


144°  39'  I  Mirabilite 
155°  5'  Purgasite 
147°  8'    Woolastonite 


155°  41' 
130°  6' 
151°  25' 


—  3  P  00  Naumann ;  3  0  1  Miller ;  A*  Brooke  and  Levy. 

.  160°  41' 

—  4  P  00  Naumann ;  4  0  1  Miller ;  A^  Brooke  and  Levy. 
161°  0*  I  Lehmannite  .       .  165°  31' 


Oblique  Pzism  on  a  Rhombic  Base  of  the  Second  Oxdex.— The  oblique 
rhombic  prism  of  the  second  order  is 
similar  in  form  to  that  of  the  first  order, 
but  differs  in  its  position  with  regard  to 
the  axes  of  the  system.  The  faces  of  this 
prism  are  called  clino-domes. 

Symbols, --Esich.  face  passes  through  one 
of  the  extremities  of  the  axes  Pj  Pj  (Fig.  325) 
and  Hj  Hj,  and  is  parallel  to  the  third  axis 
Gj  Gj.  The  symbol  which  expresses  this 
lelation  is  00  1  1 ;    Naumann's  is  (P  00 ) ; 

timer's  Oil;  Brooke  and  Levy's  E-?. 

To  draw  this  prism  prick  off  the  points 
E„  E,,  E3,  E4,  and  Mj,  M2,  M3,  M4,  from 
Fig.  325,  and  join  them  as  in  Fig.  336. 

Position  of  the  Polfis  of  the  Oblique  Rhombic  Prism  of  the  Second  Order  on  the  Sphere  • 
fl/  Projection, — The  poles  of  this  prism  all  lie  in  the  zone  or  meridian  Pj  CPj  (Fig.  330) ; 
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2  Q 


> 


gHyrVfraB  F>  CP.;  mil 


Li^ 


«^>  +  « 


fii 
nd 


hj  talm^  CP;  azui  CP^  Tig.  33a}  m  tzsMS  &e  pDmeCer  CP  (Rs>  SS], 
be  asf  ftaetim  or  wMe  BSBkcr;    wmk  ham  Fi^  22Ji,  so  alfiae^ 

po«tx<»,  but  difloiBg  ia  ■iigailiMlf  fipom  Fi^  336^  nsj  be 
jhemii  f iriiMi  are  called  ifiw  itmn. 

if  parallel  fo  the  tiiird  G^  G^ ;  the  sjmbol  which  expreaKS  tini  idation  ti>  Ae  axes  is 

xl  m;  Xatmsaxm'i  is  («  P X } ;  Xillex's  oi/;  Bnx&e  and  Lerr'*  £^ ' 

Pf^iim  of  the  PoUm  of  the  ikirtd  Oiiiqite  Priamt  of  tit  Stemad  Ordir  am  Og  9pktn  rf 

Prr^'f<iim.— The  poles  of  these  prisms  all  He  in  die  aooe  or  *»*>«;—■  P^CP,  (F%.  330]; 

t7o  f>r  each  priam  where  the  circle  of  north  latitude,  whose  polar  distance  from  C  is 

A,  eats  the  meridian  P|  CP^  and  two  where  tii«  ciide  of  aoutk  ^**^1t^,  vhoae  aoath 

p^^lar  distance  is  X,  cuts  the  same  zone. 
The  formnla  for  determining  x  is. 

.      ^         I    sin  7  sine 
tan  X  =r  ^-/    i    «%• 

«  sin  (c  -I"  3) 

/'/i^^*  parallel  to  the  derked   Oblique  Jihomkic  JVisau  of  the  Se^md  Order,  '^itk  tk 
f  Mewing  angles  f/r  delerminxng  the  latitude  of  their  polee,  have  been  ohoerwed  m  naturt. 

The  form  ccl  ^;  QPx)  Xaumann;  013  Miller;  £^  Brooke  and  Lery. 
MftlanteriUr  .       .    C5'  2y  |  Sphene  .       .    r;"*  4fr 

TJjr;  form  X  1  ^  ;  (f  P  X )  Naumann ;  0  2  5  Miller ;  rf  Brooke  and  Leyj. 
Cheiiylite     .       .    TO"  38' 

Tho  form  ccl  i  ;  (i  P  « )  Naumann ;  0 1  2  Miller ;  E^  Brooke  and  Levy. 


Allanite 

.    5V5y 

Enclaae  . 

.    8P  y 

Hiebcrlte       . 

.    62' 4y 

Feuerblende 

.    56^26' 

Bncklandlte  . 

.  avzy 

Freieslebenite 

.    65'   9r 

Epidote 

.    b4PZV 

Klaprottime  . 

.    49'4y 

Lehmumhe 

.    €5^24' 

ReiOgar  . 

.    66'    2* 

Wagnerite 

.   Ttriy 

Woolastonite 

.   as'w 

OBLiaUB  EHOKBIO  PY&AMU). 
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Thefomool};  ({ P « )  Naumaxm ;  023MiUer;  E* Brooke tnd Leny. 

I  Woolaa(oiiit«       TlW*  V 


BotiyoffeB 

Chessylite 


70*  W  I 
59°  87' 


VeHMpn , 
Homite 


46°  4y 


The  form  o» 1 1 ;  (} P oo )  Naumaan ;032 HiUer ;  E^  Brooka and  Lery. 

Freie«lebenlte       .    35»  47  |  Realgar        .       .    89°  5r  |  TiTagftertU    .       .42*59^ 
The  form  oo  1  2;  (2Pqo)  Naumann;  0  2  1  MiUer;  E*  Brooke  and  Levy. 


Amphibole    . 

.    60°  26* 

Oaylnssite     . 

.    35°  15' 

Honasite       . 

.    29»  9* 

i^^Kl       • 

.    41°  27' 

Homite 

.    19°2y 

-   45°lflr 

ChessyUte     . 

.    29°  37' 

Lehmminite  . 

.    28°  SS* 

Tlncal    . 

.    24°  51' 

Felspar . 

.    45°   8' 

Mloa      .       . 

.    94045^ 

WagB«rite 

34°  57' 

Freieslebenite 

.    28°  21' 

Chessylite  has  a  perfect  cleayage  paralljel  to  this  form. 

The  form  oo  1 4 ;  (4  P  00  )  Naumaiux ;  0  4  1  Miller ;  E^  Brooke  ana  Levy. 

Angito  ...    23°  42' 
The  form  00 1  6 ;  (6  P  00  )  Naumann ;  0  6  1  Miller ;  B^  Brooke  and  Levy.' 

Felapar.       .       .    18°  28' 

Oblique  Rhombic  OcUiliedxon.— The  oblique  rhomhie  oeiahedron,  or  tiHe  double 
four-faced  obli^  pyramid  on  a  rhombic  baae,  which  is  also 
called  the  monocUnohedric  pyramid,  is  a  solid  bounded  by 
eight  scalene  triangles*  These  triangular  faces  are  of  two 
kinds ;  the  feces  Pi  Hj  G^  (Fig.  337),  Pi  H2  Gj,  P^  Hj  Gj, 
and  Pj  Hj  Gj,  being  equal  and  similar  scalene  triangles ;  and 
the  feoesP,  GjHi,  PiHjGjpPaHiGi,  and  Pj  H,  G^  being 
also  »milar  and  equal  scalene  triangles,  whioh  are  not  similar 
or  equal  to  the  former.  This  solid  may  be  regarded  as  a  com- 
bination of  two  open  forms,  each  consisting  only  of  those 
faces  whioh  are  rimilar  and  equal  to  each  other. 

To  draw  tk§  Oblique  Mhombio  Oetahedrotu-^Taxik  off  &om 
Tig.  325  the  points  P^,  Pj,  H^,  Hg,  G^,  G2,  and  join  these 
as  in  Fig.  337. 

Axes. — ^The  axes  of  the  oblique  system  join  the  points 
Pi  Pj,  Hi  HLj,  and  Gi  Gj,  Fig.  337. 

Symbols, — ^Every  feoe  of  the  pyramid  cuts  the  IJiree  axes 
Pi  Pg,  Hi  Ho,  and  Gj  G2,  at  the  extremities  of  the  parameters. 

Ill  may  be  taken  as  the  symbol  for  the  form  whose  faces  are  Pj  Hi  Gj,  P^  Ho  Gp 
P2  Hi  G2,  and  P,  H,  Gj.  Naumann^s  symbol  for  this  form  is  P ;  Miller^s,  111; 
Brooke  and  Levy's,  D.    This  form  is  called  the  poMtive  Jumi-pyramid. 

Ill  may  be  taken  as  the  symbol  for  the  form  whose  faces  are  Pi  Hi  Gj,  Pi  H^  Gg, 
Pi  Hi  Gi,  and  Pj  Hg  Gj.  Naumann's  is  —  P ;  Miller's,  111;  Brooke  and  Levy's  B. 
This  form  is  called  the  negative  hemh-pyramid. 

Position  of  the  Poles  on  the  Sphere  ofPtofeetion, — ^Two  of  the  poles  of  each  of  these 
forms  lie  in  tiie  same  circle  of  north  latitude,  and  two  in  the  circle  of  ^south  latitude, 
whose  south  polar  distance  X  is  equal  to  the  north  polar  distance  of  the  former. 

Let  fi  be  the  longitude  of  the  pole  nearest  to  G^  (Fig.  330)  on  the  northemhemisphere, 
reckoning  its  longitude  from  Gi,  of  the  iotm  1  1  1,  the  four  poles  of  this  form  wiU  be 
where  the  circles  of  latitude  whose  north  and  south  polar  distances  are  \  out  the 
meridians  fi  and  180  +  t^- 


Yig.  337. 


452 


OBLIQUE  RHOMBIC  PYRAMID. 


If  /*  be  the  longitude  of  the  nearest  pole  of  1  1  1  to  G,,  reckoning  its  longitade  from 
Gi,  its  four  poles  will  be  where  the  circles  of  latitude,  whose  north  and  south  polar 
distances  are  X,  cut  the  meridians  fi  and  180  -(-  /a. 

The  following  formuIsB  are  used  for  the  determination  of  X  and  /a  for  the  fonn  111. 
If  ^  be  such  an  angle  that    tan  ^  ^  sin  j3  cos  (a  -|-  jB)  cosec  a 
and  ^  such  that    cot  ^  =a  sin  ^  coseo  (45  +  ^)  "&  ^  tan  (a  -f  fi) 
Then fis^+a  +  ^  —  90°    and    tanX=:sin/3tan7  8ecif/ 
For  the  form  1  1  1  the  formulsD  are  the  same,  except  that 
tan  ^  =  —  sia  /3  cos  (a  -f-  fi)  cosec  a. 


Fig.S39. 


Fig.S40. 


7b  dueribe  a  Net  for  the  OhUque  Rhombie  (ktah4dnm,—T)TtLW 
CH  and  CP  (Fig.  338)  at  right  angles  to  each  other;  tajce  GH  yig.  841. 

and  GP  equal  to  the  parameters  GH  and  GP  (Figs.  326  and 
327),  and  in  GP  take  CG  equal  to  the  parameter  GG  (Fig.  326).     Join  HG  and  HP. 

Then  (Fig.  339)  describe  the  triangle  H|  P^  G^,  having  its  sides  H|  G^  and  H^  Pj 
equal  to  HG  and  HP  (Fig.  338),  and  the  side  G^  Pi  equal  to  a  line  joining  G^  and  Pi 
(Fig.  325). 

Likewise  (Fig.  340)  describe  the  triangle  H,  P^  G,,  haying  its  sides  H,  G^  and  H^Pi 
equal  to  HG  and  HP  (Fig.  338),  and  the  side  G,  Pi  equal  to  a  line  joining  G,  and  Pi 
(Fig.  325). 

Then  four  triangles  equal  and  similar  to  Pj  Hi  Gi  (Fig.  339),  and  four  other  equal 
and  similar  to  Pj  H,  G^  (Fig.  340)  arranged  as  in  Fig.  341,  will  form  the  required  net 

Faces  parallel  to  the  Fbaitive  Smipfframid  111;    P  Naunuum;  111  Miller; 
D  Brooke  and  Xery,  have  been  observed  in  ihefoUowing  Minerals, 


Allanite     . 

Amphibole 

Aagite 

Barytooalcite 

Botryogen. 

Bragationite 

CheuyUte. 

Epidote      . 

Erythrine  . 

Sudase 

FeUpar 

TreiMlebenite 

Gaylossito . 

Glauberite 

Gypsom     . 

Heolandite 

Humite      . 

Klaprothine 


A  =  85'45'  ^1  =  63^ 

A  =77°  13'  |i  =  50° 

A  =  65*>42'  |i  =  49' 

A  =  58°27'  fia=61» 

A  =  62»4r  ft  =  6S» 

A  =  35«4y  fi  =  63» 

A  =  58«>   3'  fi  =  46° 

k  =  ^S*\er  tt  =  63=» 

A  =  59^12'  ii  =  5SP 

A  =7^54'  |i  =  49» 

A -63°   7*  fi  =  65'' 

A  =  64°    V  fi=31* 

A  =  55°  15'  |i  =  78= 

A  =  58°10'  ,t  =  37° 

A  =  71°  51'  |i  =  62° 

A  =  73°  23'  tt  =  43° 

A  =  37°4S'  |i  =  M° 

A  =  50°10'  fi  =  29° 


.  A  =  66°  43'  ft  =  46°  37' 

.  A  =  59^29'  /»  =  S9°   2' 

.  A  =58°  5^  pi  =  64°  28' 

.  A  =  50°4e'  ft  =  81°53' 

.  A  =  26°  38'  /»  =  4(P   2' 

.  A  =  64°  46'  fi  =  25°19' 

.  A  =  46^36'  fi  =  57°55' 

.  A  =  59°41'  ft  =  39°20' 

.  A  =  71°    V  f*  =  54°51' 

.  A  =  46°59'  ^1  =  7^83' 

.  A  =  63°  19'  fi  =  «°37' 

.  A=72°20'  M  =  69°59' 

.  A  =  45°  S3'  ft=49°50' 

.  A  =  48°  20'  ,(i  =  52°38' 
Vauquelinite,  not  determined. 

Vivianite   .       .  A  =  5y»S5'  tt  =  54°13' 

Wagnerite         .  A  =  56P   S'  u  =  63°25' 

Woolastonite     .  A  =  59°  24'  ft  =  82°  4' 


rytocaloite  has  a  perfect  cleayage  parallel  to  this  form. 
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Faces  parailel  to  the  Negative  Hemipyramid  III;   —  P  Naumann ;    1  1  1  Miller ; 
B  Brooke  and  Levt/j  have  been  observed  in  thefoUomng  Minerale, 


Allanite  . 
Amphibole 
Augite  . 
ChessyUte 
Epidote  . 
Euolaso  . 
Felspar  . 
Olauberite 
Gypsum  . 
Homite  . 
Augite  has  a  cleavage  parallel  to  this  form. 


\  =  480  18' 

^  =  144»  56' 

Klaprothine 

X  =  740  14' 

fA=106^    2' 

Lehmannite 

XsfiCHK/ 

ft=105»    7' 

Mica 

A  =  59^   y 

ft  =  1870  18' 

Mirabilite 

X  =  48'   y 

^  =  1450  17' 

Monaaite 

\  =  71°5y 

(1=  99"  sy 

Pargasite 

X  =  720  20' 

ft=145«   2' 

Plagionite 
Seoleaite 

X  =  470  41' 

ft  =  117<»   6' 

X  =  69'14' 

^  =  113»  iff 

Vlvianito 

X  =  42°8»' 

M=:13P   C 

Wagnerita 

X  =  49»2y  fA  =  149»4fi' 

X  =  53o67'  fi  =  128»6»' 

X  =  6I0  27'  fL  =  150*  27' 

A  =  55=>21'  ft  =  141o4ar 

A  =  58"' 18'  ft  a  126°  V 

A  =  74M4'  ,t  =  i06»  ar 

A  =  670  13'  ,t=   M»  y 

A=72MO'  it  =  108»25' 

A  =  670   r  ft  =  1449  2(y 

A  =  63o4y  ft  =  189»   7' 


Derived  Oblique  Rhombic  Octahedzoiu.— From  the  oblique  rhombic  octa- 
hedron just  described,  a  series  of  oblique  rhombic  octahedrons  may  be  derived,  similar 
to  it  in  position,  but  differing  in  magnitude.  These  octahedrons  may  conveniently  bo 
arranged  under  three  classes. 

DexiTed  Oblique  Octahedson  of  the  Unit  Class-^These  pyramids  may 
be  drawn  by  makuig  GP|  and  CP,  (Fig.  325)  equal  to  m  times  the  parameter  CP 
(Fig.  326),  where  m  may  be  any  whole  number  or  fraction  greater  or  less  than  unity. 
Symbols, — ^The  symbol  for  the  positive  hemipyramid  is  1  1  m ;  m  P  Naumann ; 
A  h  I  Miller ;  D**  Brooke  and  Levy.  For  tho  negative  hemipyramid  1  1  m ;  —  «i  P, 
Naumann ;  B*"  Brooke  and  Levy. 

Po/^.— The  poles  of  the  positive  hemipyramids  lie  in  the  zone  £^  CE,  (Fig.  330), 
and  those  of  the  negative  in  the  zone  F^  CFj.  To  determine  \  and  11  we  have  the 
following  formuloB : — 

tan  ^  =  +  m  sin  jB  cos  (o  +  iS)  cosec  a 

cot  t^  =  sin  ^  cosec  (45  4~  ^)  sin  45  tan  (a  +  )8) 

/ii  =  ^-j-o  +  i3--90    and    tanA  =  sin^tan^sec^. 

Faces  parallel  to  the  following  Pyramids  of  the  First  Class  have  been  observed  in  Nature, 

The  form  1  1  -Ay;  A  P  Naumann;  1,  1,  10  Miller;  Di«  Brooke  and  Levy. 

Miargyrite       .    A  =  78o  12'    ,t  =  75M9' 
The  form  1  1  i  ;  i  P  Naumann ;  1  1  6  Miller ;  D«  Bioo^e  and  Levy. 

Miargyrite    .       .    A  =  63«51'    ft  =  72o  13r 
The  form  1  1  J ;  i  P  Naumann;  114  Miller ;  D*  Brooke  and  Levy. 

Miargyrite  .       .    A  =  540  20'    ft  =  670  6(y 
The  form  1  1  ^ ;  ^  P  Naumann ;  1  1  3  Miller ;  D^  Brooke  and  Levy. 


Klaprothine      .    A  =  64^  (T    ft  =  58''  SC  I  Sphene      .       .    A  =  78^  36'    ft  ss  6(r  £2* 
Miargyrite       .    A  =  47»   9'    ft  =  680  37'  | 

The  form  1  1  J ;  i  P  Naumann ;  1  1  2  Miller;  D^  Brooke  and  Levy. 
-  -  -        ft  =  89^  27' 

ft  =  %r  27' 
ft  =  9P   9' 


Mica  .       .       .  A  =  7(r  4'  ft  =  41'   7' 

Plagionite.       .  A  =  60"- 24'  ft  =  42=  29' 

Sphene      .        .  A  =  74^  49*  ti  =  55=  83' 

ft  =  50=80'      Spodumene       .  A  =  68=  C  ft  =  76«'4tt' 

fi  =  8l°83'      Tincal        .        .  A  =  61=  17'  ft  =  76=  49* 

ft  =  47=  55'      Vivianite   .        .  A  =  70=  26'  ft  =  79=  8' 

ft  =  56=  11'      Wagnerite         .  A  =  C9=27'  ft  =  85=  4' 

Plagionite  has  a  perfect  cleavage  parallel  to  this  form. 

Theforml  1§;  ^PNaumann;  223Miller;  D^  Brooke  and  Levy. 
CheasyUte  .       .    A  =  68=  40*    ft  =  66=  57' 


Backlandite 

.    A  =  51=  45' 

Epidote      . 

.    A  =  51=  45' 

Felspar 

.    A  =74=  28' 

Freieslebenite 

.    A  =  70=  21' 

Humite      . 

.    A  =  54' 34' 

Klaprothine 

.    A  =  57=4y 

Miargyrite 

.    A  =  37=  49' 
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I'he  fonn  112;  2  P  Naumann ;  2  2  1  Miller ;  D^  Brooke  and  Levy. 

Augite       .        .  X«=WW    fi  =  35°39'  I  Huinite      .        .    X  =  28°  6'    1^  =  40°  87' 

Chessylite.        .  A  =  52°  13'    /*  ==  26°  y  I   Woolustonite     .    X=53°22'    j»=  19=30' 

Felspar      .       .  A  =  67^  <K    fi^ZS'iy  \ 

The  form  113;  3  P  Naumann  ;  3  3  1  Miller ;  D^  Brooke  and  Levy. 
Buclaae     .       .    A  =  65°   8'    fi=27-51' 

The  form  114;  4  P  Naumann ;  4  4  1  Miller ;  D*  Brooke  and  Levy. 
Lehmannite     .    A  =  49*^  4'    /*  ■=  13°  16' 

The  form  1 1  J  ;  —  i  P  Naumann ;  1 1  2  Miller ;  B«  Brooke  and  Levy. 
Brairationite    .    A  =  60°  37'    ^  =  133'  27'  |  VivUnite  .       .    A  =  74°  41'    a  =  130^  51' 
Miargyrite      .    A  =  34°  33'    /4  =  110'30'  |   WheweUite      .    A  =  65°  39'    ;t  =  188°40' 

The  form  II  J;  —J  P  Naumann  ;  11  8  Miller;  B^  Brooke  «nd  Levy. 

Glaubcrite         .    A  =  71°  22*    ^=2  84 '27'  |  KlaprotUinc     .    A  =  08^  82'    fi  =  lir58' 
GypMm     .       .    A  =  Kt°   b'    <a  =  92^  2'  | 

The  form  1  1  2  ;  —  2  P  Naumann  ,221  Miller ;  B^  Brooke  and  Levy. 

Miargyrite      .    A  =  19^  22*    /t  =  152'  48' 


Amphibole  .  A  =  65' 48'  fi  ?=  130'   G' 

Anglte      .  .  A«47«>46'  pi  =  129»!8' 

Chef^rUte  .  A=63P    7'  j»=l64°44' 

Humite    .  .  A  =  32°38'  /*  =  147°  8' 


Wagmrite      .    K^bfPSV    ^=sl48»14' 
Woolastonite  .    A  =  46°   7'    /i.  =  154°2o' 


The  form  1  1  3  ;  -r-  3  P  Naumann ;  8  3  1  Miller ;  B^  Brooke  and  Levy. 
Augite     .        .    A  =  44°   4'    /i  =  143°17'  |    Glauberite         .    A  =  71°  22'    ,1  =  84°  27' 

BeziTed  Oblique  Octahedron  of  the  Sec<md  Class.— This  octahedron  ma 
he  drawn  and  its  net  described,  by  making  OP^  and  CP,  (Fig.  325)  m  times  the  pars 
meter  CP  (Fig.  326) ;  where  m  may  be  any  whole  number  or  firaction  equjd  t( 
greater,  or  less  than  unity  :  and  CHj  and  CH^  (Fig.  326)  n  times  the  parameter  CI 
(Fig.  327),  where  n  may  be  any  whole  number  or  fraction  greater  than  unity. 

Symbols. — The  symbol  for  the  positive  hemipyramid  of  this  octahedron  is  1  n »» 

wfl      m  (n  ->•  1) 

mVn  Naumann -,  hkl  Miller ;  D^  D" ~ ^  H    ^     Brooke  and  Levy  :  for  the  negativ 

-  -  »» » 1       mfn*-!) 

hemipyramid  111 m; — m'2n Nanimmn \  hhl Miller ;  B^ B»r ^  H    ^     Brooke  an 
Levy. 

Poles, — To  determine  the  position  of  the  poles  we  have  the  followix^  formuUe  :- 

tan  ^  =  +  m  sin  /3  cos  (a  4-  jB)  cosec  a 

exA,  if  ^^  fan  ^  coeec  (46  +  ^)  sin  46  tan  (a  -^  8) 

ft  =  i|^-fa  +  /3  —  i//  and  tan  X  =  n  sin  jS  tan  7  sec  t^. 

The  positive  or  negative  sign  being  used  for  tan  ^,  according  as  the  hemipyramid  ii 
positive  or  negative. 

Faces  parallel  to  thefoUo\ving  Pt/ramuh  of  ike  Second  Class  htve  been  observed  in  naim. 

Theforml2j;  JP2Naumann;  214Miller;  D»  1)3  H*  Breoke  and  Le^. 

Sphene     .       .    A  =  «2»16'    /i  =  55°33' 


The  form  121;  P  2  Naumann ;  2  1  2  Miller ;  D^  D^  H*  Brooke  and  Levy. 
X  =  67°22'    ^  =  29^25'    I    Spoduroene      .    A  =  ' 
A  =  45°   5'    ^  =  40°   2'        Wagnerite        .    A=! 
A  =  er>59'    ^  =  78°8y   1 

Realgar  has  a  cleavage  parallel  to  this  form 


Klaprolhine  .  A  =  67°  22'  ft  =  29' 25'  I  Spoduroene  .  A  =  45°  S3'  u  =  49»50' 
Miargyrite  .  A  =  45°  5'  jft  =  40°  2'  I  Wagnerite  .  A  =71°  24'  a  =  63°2i' 
Realgar    .        .    A  =  er>5y    ^  =  78°8y   ]  «     a*      • 


OBLIQUE  PTRAMIDSy  SECOND  CLAS6.  455 


The  form  12^;  |  P  2  Naumann ;  423  Miller;  D^  D^  H^  Brooke  and  Levy. 
Humite     .        .    X=  52^   2'    ^  =  54°29' 

The  form  12  2;  2  P  2  Naumaim;  2  1 1  Miller;  D^  D^  H*  Brooke  and  Levy. 

ChessyUte  .  A  =  6«°  4^  /ui  =  26°  V  |  Miargyrite  .  X  =  38°  36'  /*  =  25°  8' 
Epidote  .  ■.  X  =  48'2l'  u  =  34°  21'  Mirabilite  .  A  =  59°  (f  ii.  =  ZTVSr 
Humite     .        .    A  =  45°58'    /i  =  40°87'    | 

Theforml24;  4P2Nanmann;  421  Miller;  D' D^  H»  or  3A  Brooke  and  Levy. 
Miargyrite       .    A  =  85°  8^    /*  =  13°  4'   |   Realgar    .       .    A  =  54°  15'    i*  =  2e°  7' 

The  form  1^7;  7  P  }  Naumann ;  7  3  1  Miller ;  D^  D*  II*  Brooke  and  Levy. 
Miargyrite       .    A  =  88°56'    ^=   7°3y 

Thfiforml3i;  iP8Naumann;  314Miller;  D^  D^  H*  Brooke  and  Levy. 
Wagnerite       .    A  =  79°  35'    /i  =  73°  37' 

TheformlS^;  |P3Naumaim;  dl2Miller;  D^  D' H^.  Brooke  and  Levy. 

Freieslebenite       A  =  79°  55'    /i  =  22°34' 

The  form  13  2;  2  P  3  Naumann ;  6  2  3  Miller ;  D^  D^  H^  Brooke  and  Levy. 
Humite    .       .    A  =  58°   1'    fi  =  40°3r 

The  form  133;  3P3Nanmann;  811  Miller;  D»  D«  H^  or  ^A  Brooke  and  Levy. 
Miargyrite      .    A  =  47°  59'    At  =  n°38' 

Theforml41;  P4Naumann;  414Miller;  D^  D*  H*  Brooke  and  Levy. 

Freieslebenite.    A  =  83°   3'    /x  =  31°   4'  i 

The  form  14  2;  2  P  4  Naumann ;  4  1 2  Miller;  B*  D^  H*  Brooke  and  Levy.  I 

Realgar    .       .    A  =  71°  19'    /x  =  44°  2' 

The  form  144;  4P4  Naumann;  4  11  Miller;  D>  D^  H*  Brooke  and  Levy. 
Chessylite        .    A  =  78°  16'    ft  =  14°  ICK 

The  form  155;  5  P  6  Naumann ;  5 1 1  Miller;  D'  D^  H^  Brooke  and  Levy. 
Miargyrite       .    A  =  60°  23'    /i  =  10°  34' 

Thefonnl63-,  3P6Naiimann;  612Mill8r;  D*  D*  Hi  Brooke  and  Levy. 
Realgar    .       .    A  =  76°  34'    f*  =  29°  25' 

The  form  If  1;  —Pf  Naumann;  3  2  I  MiUer ;  .B»  B*  H^  Brooke  and  Levy. 
PharmacoUte.    A  =  69°  88'    /*  =  148°42'   I   Euolase    .       •    A  =  67°  10'    /*  =  99°  59* 

The  ibrm  i  2 1 ;  —  P  2  Naumann ;  212  Miller ;  B^  B»  H*  Brooke  and  Levy. 
Realgar.        .    A=72°33'    Ai»lS9P46' 

The  form  12  2;  -  2  P  2  Naumann ;  2 1 1  Miller;  B^  B^  H*  Brooke  and  Levy. 
Bragationite  .    A  =  59^  8'    m  =  157°20'    |    Lebmannite    .    A  =  65°  49'    fi«138°.66' 

The  form  124;  --4P 2  Naumann;   421  Miller;  B*  B>  H^  or  A3  Brooke  and 
Levy. 

Humite  .       .    A  =  46°  52'    ft  =  181°  0* 

Theforml31;  -P3Naumann;  313Miller;  B^  B^  H^  Brooke  and  Levy. 
Gypsum.        .    A  =  67°  30'    fA  =  113°46'    |    Miargyrite      .    A  =  53°  10'  >  =  131°  46' 

The  form  13  3;  —  3  P  3  Naumann;   3  11  Miller;  B^  B'  H^  or  Aj  Brooke  and 

Levy. 

AmpWbole     .    A  =  49^52'    /*  =  106»  2'   I   Olauberite      .    A  =  68°  4'    /ui  =  155°2y 
Euclase  .       .    A  =  78°   6'    m  =  140°20'    | 
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The  form  161;  -  P  6  Naumann ;  6"l  6  Miller ;  B^  B^^  Ht^  Brooke  and  Levy. 
Miargyrite      .    K=70PiV    ,1  =  13^46' 

Derived  Oblique  Octaliedroii  of  the  Thixd  Class. — This  octahedron  may 
be  drawn  and  its  net  described,  by  making  CPi  and  CPj  (Fig.  325)  m  times  the  para- 
meter CP  (Fig.  326) ;  where  m  may  be  any  whole  number  or  fraction,  equal  to, 
greater,  or  less  than  unity ;  and  CGj,  CGj  (Fig.  325)  equal  to  n  times  the  parameter 
CG  (Fig.  326),  whiere  n  may  be  any  whole  number,  or  fraction  greater  than  unity. 

SymhoU. — The  symbol  for  the  positive  hemipyramid  of  this  octahedron  is  n  1  m ; 

n  +_1      m(n+_l) 

(;«  P  n)  Naumann  -^   k  h  I  Miller ;    D*  D»  - 1  G      2**    Brooke  and  Levy.     For  the 

n+l        iw(fi  *  1) 

negative  hemipyramid  «  1  w ;  —  (»»  Pft)  Naumann;  k  h  I  Miller;  B^  B»— ^   G    ^  '* 
Brooke  and  Levy. 

Foles, — To  determina  the  position  of  the  poles  we  have  the  following  formula  :— 

tan  ^  =  +  -  sin  fi  cos  (a  +  jS)  coscc  a 

cot  t^  =  sin  ^  cosec  (45  +  <p)  sin  45  tan  (o  +  i8) 

^  =  t!^-{-a4~i3  —  il'    and    tan  A  =  -  sin  /3  tan  7  sec  4^ 

n 

The  positive  or  negative  sign  being  used  for  tan  ^  according  as  the  hemipyramid  \s 

positive  or  negative. 

Faces  parallel  to  the  following  Pyramids  of  the  Third  Class  have  been  observed  in 

nature. 

The  form  ^  1 1 ;  (f  P  |)  Naumann ;  2  3  2  Miller ;  D^  D^  gS  Bropke  and  Levy. 
Realgar        .        .    X=35<»33'    /i  =  73°33' 

The  form  2  1  ^  ;  (|  P  2)  Naumann ;    12  6,  MiUer ;   Di  D3  G^^  Brooke  and  Levy. 
Chcssylite     .        .    X  =  71°35'    /x  =  80°  32' 

The  form  2  1  ?  ;  (f  P  2)  Naumann  ;  1  2  3  MiUer;  D^  D^  G^  Brooke  and  Levy. 
Sphene .        .        .    X  =  6S=*   2'    /x  =  66'  52' 

The  form  2  1  ^  ;  (^  P  2)  Naumann  ;  2  4  5  Miller ;  D^  D^  G^  Brooke  and  Lety. 
Chessylite    .        .    A  =  56'35'    /li  =  69'29' 

The  form  2  1  1 ;  (P  2)  Naumann ;  1  2  2  Miller ;  D^  D^  G  J  Brooke  and  Levy. 

tpidote       .        .    A  =  32*'  23'    ^  =  89°  27'  |  Wagnerite  .        .    X  =  53^  2'   ./ui  =  85°  4' 
The  form  2  1  ^  ;  (f  P  2)  Naumann ;  2  4  3  Miller ;  D^  D^  G^  Brooke  and  Levy. 

Chessylite.        .    A  =  45<'29'    /yi  =  66=*57' 

.    The  form  2  1  2  ;  (2  P  2)  Naumann ;  1  2  1  MUler ;  D^  D'  G^"  Brooke  and  Levy. 

Barytocalcite      .    A  =  34'   (V    /*  =  6P   CI  Monazite    .        .    A  =  40^  32'    fi  =  39°  %(/ 
Freiesleberiite     .    X  =  76^  18'    /*  =  31°  41'  |  Natron  .   .    X  =  39=»  SC    fi—  58'  52' 

The  form  2  1  4  ;  (4  P  2)  Naumann ;  2  4  1  Miller ;  D^  D^  G^  or  E3  Brooke  and  Levy 

Chcssylite  .        .    X  =  32°  50'    /x  =  26°   9'  |  Felspar      .        .    X  =  37°  35'    ft  =  35°  iy 

The  form  3  1  J  ;  ( J  P  3)  Naumann ;  1  3  4  Miller ;  D^  D^  G*  Brooke  and  Levy. 

Chessylite  .        .    X  =  57°  12'    /ui  =  77°  41' 
The  form  3  1  f  ;  (^  P  3)  Naumann ;  1  3  2  Miller ;  D^  J)^  G^  Brooke  and  Levy. 

Wheweilite        .    X  =  28°"41'    /*  =  62°49' 
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The  form  3  1  3  ;  (3  P  3)  Naumann;  13  1  MUler;  D^  D^  G^  or  Eg  Brooke  and 
Leyy. 

Amphibole .  .    X  =  55^  46'    /*  =  50»  85'  I  Felspar       .       .    X  =  33°  20'    ,t  =  65o  48' 

Augite        .  .    X  =  36^  2G'    /*  =  49'  SC    Gypsum      .        .    X  =  45"  39'    /x  =  52°  16' 

Eudase      .  .    X  =  53°   C    ft  =  49°  17'  | 

The  form  4  1  4  j  (4  P  4)  Naumann  ;  1  4  1  Miller ;  D^  D^  G*  Brooke  and  Levy. 

Sphene       .       .    X  =  33'52'    m  =  34°27'  * 

The  form  5  1  f  ;  (f  P  6)  Naumami ;  1  5  2  MiUer ;  D^  D^  ,G'^  or  E^  Brooke  and 
Levy. 

Augrlte        .       .    X  =  37°49'    /a  =  G0°29' 

The  form  6  1  2 ;  (2  P  6)  Is aumann ;  1  6  3  Miller ;  D^  D^  G?  Brooke  and  Levy. 

Spheno       .        .    X  =  39°34'    /*  =  66°  52* 
The  form  J  1  4  ;  -  (4  P  |)  Naumann ;  3  4  1  Miller ;  B^  B"  G^'  Brooke  and  Levy. 

Euclaae      .       .    X  =  49°  52*    /*  =  140°  20* 

The  form  2  1  1  ;  —  (P  2)  Neumann ;  T  2  2  Miller ;  B^  B^  G*  Brooke  and  Levy. 

Wagnerite       ,    X  =  69°  30'    /a  =  126°  32'  j  Lunnite     .       .    X  =  56°  58'    /a  =  103°  26' 
The  form  2  1  4  ;  —  (f  P  2)  Naumann ;  2  4  3  Miller ;  B^  B^  G^  Brooke  and  Levy. 

ChessyUte         .    X  =  46°  36'    /*  =  126°  12' 

The  form  2  1  2  ;  —  (2  P  2)  Naumann ;  1  2  1  Miller;  B^  B^  G"J  Brooke  and  Levy. 

Chessylite  .        .    X  =  39°  65'    ,t  =  137°  13'  I  Gypsum  .       .    X  =  52°  50*    X  =  113°  46* 
Euclase      .        .    X  =  56°  52'    /x  =   99°  59*  |  Sphene     .        .    X  =  55°  27'    X  =  148°  28' 

The  form  2  1  J  ;  —  (|  P  2)  Naumann ;  4  8  3  Miller ,  B»  B^  G^  Brooke  and  Levy. 
Augite       .       .    X  =  34°51'    ft  =  114°  31' 

Theform2  1  4;  — (4P2)  Naumann;  24lMiller;  B»  B^  G^  or  3E  Brooke  and 
Levy. 

Felspar       .       .    X  =  49°10'    /*  =  157°  7' 

The  form  3  13;  -  (3  P  3)  Naumann ;  1  3  1  Miller ;  B^  B^  G^  or  gE  Brooke  and 

Levy. 

Amphibole       .    X  =»  49' 4y    ^  =  106°   2' I  Mica.       .       .    X  =  31°  30'    a  =  150°  27' 
Gypsum   .        .    X  =  41°  19'    j*  is:  118°  46'  | 

The  combinations  of  this  system  are  so  like  those  of  the  Prismatic,  that  we  need 
not  give  any  examples  of  them. 

SIXTH  SYSTEM — ANOBTHIC,    OB  DOUBLY  OBLiaUE. 

This  system  is  called  the  anortkic  from  the  want  of  symmetry  of  its  forms ;  and  the 
doubly  oblique  because  its  forms  may  be  derived  from  the  doubly  oblique  prism,  and  doubly 
oblique  octahedron.  It  has  also  been  called  the  Triclinohedric,  Anorthotypef  Tetarto- 
prismatic,  Tetarto-rhombic,  and  the  One-and'One-ntembered  system. 

To  this  system  all  forms  may  be  referred  which  cannot  be  placed  imder  any  of  the 
preceding  systems. 

Only  two  forms  belong  to  the  anorthio  system :  the  doubly  oblique  prism,  and  the 
doubly  oblique  octahedron  ox  pyramid. 
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ANGULAR  BLEMENTS,  AKOBTHIC  SYSTEM. 


a 

0^. 

^y, 

O   f 

B 

0  / 

C 

0  r 

0  r 

0  t 

94  46 
91  49 
&3  36 
73  12 
93  11 

63  26 
82  2 
86  47 
67  8 
63  46 

93  8 
102  36 
112  39 
82  56 
88  41 

93  86 

90  5 
92  34 
70  22 

91  12 

63  36 

82  14 
68  0 
65  4 
63  38 

91  18 
102  30 
112  30 
100  41 

86  58 

56  26 
52  0 
38  18 
28  4 
67  81 

41  35 
51  21 
2S49 
27  16 
40  55 

91  46 

e^Te 

93  8 

93  36 

63  36 

91  18 

58  26 

4T35 

94  46 
92  32 

63  26 
104  18 

93  8 
89  42 

9T36 
92  32 

63  36 
104  18 

91  18 
90  20 

58  26 
29  59 

27  51 

MpKabetieai  Ikt  of  Minerals  behngmg  to  the  Anorthie  or  J)ouhfy  ObUque  ^yttem,  with  the 
Angular  Elements  from  which  their  typical  forms  and  axes  may  be  derived.  Blanks 
are  left  in  the  eases  where  the  Angular  Elements  have  not  been  determine 


Albite  (cle^elandite  :    Tetarto- 
prismatic  felspar)    . 

Axinite 

Babin^tonite 

Blue  vitriol  (sulphate  of  copper)  . 
Christianite  (anorthite) 
Kyanite  (disthene) 
Labradorite  (Labxtidor  fel8i>ar) 

Latrobite 

Leueophane    ..... 

Oligoclase 

Saasoline  (native  boracic  acid) 


Fazametezs  and  Axes. — In  the  anorthie   system  the  three  parameters  are 
unequal,  and  no  two  axes  are  inclined  to  each  other  at  right  angles.    Bj  means  of  the 
^«   angular  elements  a,  /3,  A,  $  and  €  we  may  determine  the  lengths 
of  the  parameters  and  the  inclination  of  the  axes. 

To  determine  the  Lengths  of  the  Parameters, — ^Take  a  straight 
line  OT  (f^ig.  342)  of  any  convenient  len^  to  represent  one 
of  the  parameters ;  this  will  be  the  arbitrary  unit  of  the  system. 
Through  one  of  its  extremities  0,  draw  OQ  perpendicular 
to  OT;  through  T  draw  TU,  making  an  angle  t;  jmd  IP 
making  an  angle  e  with  OT;  let  TM  a&d  TP  cut  OQ  in 
Hand  P. 

Then  OM  and  OP  will  represent  ihe  lengths  of  the  other  two  parameters. 
To  represent  the  Inclination  of 
the  Ajees  in  Perspeetive.-^'DrB.w  a 
straight  line  XOX'  (Fig.  343), 
and  through  0  a  point  in  it  the 
line  OZ  perpendicular  to  XX% 
and  the  line  OY  making  with 
OX'  an  angle  of  about  30°  with 
OX'.  Along  OX  take  OTj  equal 
OT  (Fig.  342). 

Then  (Fig.  344)  draw  a  line 
ABC,  and  through  B  a  point  in 


Fig.  342. 


Fig.  843. 


it  draw  BD  making  the  angle  y  with  AB,  take  BD  equal  to  OM  (Fig.  342),  and 

through  D  draw  DF  perpendicular  to  AC. 
In  OY  (Fig.  343)  take  OD  equal  to  half 
of  DF  (Fig.  344),  and  through  D  (Fig.  348) 
draw  DM^  parallel  to  OX  and  equal  to  BF 
(Fig.  344).  Join  OMj  and  produce  it  to  OT. 
Now  (Fig.  344)  draw  PG  making  the 
angle  /3  with  FC,  take  FG   equal  to  OP 


L^- '« 

Fig.  845. 


Fig.  344. 

(Fig.  342),  and  through  G  draw  GE  perpendicular  to  DP. 

Draw  HK  and  KL  (Fig.  345)  at  right  angles  to  each  o^er,  take  KH  eqnal 


DOUBLY  OBLIQITE  PRISM,  FIRST  ORDER. 
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to  PE  (Pig.  344) ;  through  H  draw  HL,  making  the  angle  90°  —  A  with  HK  and 
meeting  EL  in  L. 

In  OY  (Fig.  843)  take  OE  equal  to  half  of  LK  (Fig.  345),  through  E  draw  EF 
parallel  to  OZ  and  equal  to  HK  (Fig.  345). 

Through  P  draw  FPi  parallel  to  OX  and  equal  to  EG  (Fig.  336) ;  join  OPj  and 
produce  it  to  any  point  Z\ 

Then  OX,  OY'  and  OZ'  will  represent  the  direction  of  the  axes  for  any  substance 
whose  angular  elements  a,  /3  and  A  are  given  (page  458),  and  OT,  OM,  and  OP  will 
represent  the  magnitude  of  its  parameters,  depending  upon  the  angles  8  and  e. 

Doubly  Oblique  Pxism— First  OrdeT. — The  doubly  oblique  prism  is  a  solid 
bounded  by  six  faces,  which  are  all  oblique  parallelograms,  and  equal  to  each  other 


only  in  pairs.  The  face  Aj  Ej  Oi  \  (Fig.  346)  being  equal  and  parallel  to  the  face 
A^  E2  0,  1} ;  the  face  0^  I^  I^  0,  equal  and  parallel  to  Ej^  Aj  A^  £2 ;  and  the-  face 
Ai  Ii  I2  A^  equal  and  parallel  to  Ej  0,  Oj  E^. 

This  prism,  like  the  oblique  prism,  is  now  generally  regarded  as  a  combination  of 
three  open  forms,  each  consisting  of  a  pair  of  parallel  faces. 

£ym6o2^.— The  haml  pinaeoida  0^  Ij  Ai  E^,  0,  Ij  A^  E,  out  the  axis  P^  P^  at  the 
extremities  of  the  parameters  OPi,  OPj,  and  are  parallel  to  the  axes  Mj  M^,  Ti  Tj ;  the 
symbol  which  expresses  this  relation  is  00  00  1 ;  Kaumann's  ^mbol  is  OP ;  ICiller^s 
0  0  1;  Brooke  and  Levy's  P. 

The  maero-pinaeoids  0^  Ej  E,  O2  and  A^  1^  I,  Aj  cut  the  axis  M^  M^  at  the  extre- 
mities of  the  parameters  OM^  OM2,  and  are  parallel  to  the  acxes  P^  P,  and  T^  Tj. 
Their  symbol  is  00  1  00 ;  00  P  oo  Kaumann ;  0  1  0  Miller ;  and  M  Brodce  and  Lery. 

The  braehy-pinaeoids  0^  I^  I,  Oj  and  E^  Ai  A^  E,  cut  the  Axis  Ti  Tg  at  the  extre- 
mities of  the  parameters  OTj,  OTj,  and  are  parallel  to  the  azesP^  Pj,  M^  M*.  Their 
symbol  is  1  00  00 ;  a>  P  00  Naumann ;  1  0  0  Miller ;  T  Brooke  and  Leyy. 

To  draic  the  Doubly  Oblique  Pritmy  First  0(fer.— Prick  off  from  Fig.  343  the  points 
0,  Pj,  Ml  and  Tj.    Join  Mj  0  and  produce  it  to  Mg,  making  OM2  equal  OMj. 

Join  P,  0  and  produce  to  Pz,  making  OP2  equal  to  OP^.  And  join  T^  0,  produce  it 
to  Tj,  making  OT,  equal  to  OTj. 

Through  M^  and  M,  draw  Hi  Gtj  and  G^  Hj  parallel  to  T^  T2,  making  M^  H^  M^  O2, 
Mj  Oi,  .and  Mj  H:2  each  equal  to  OTj. 

Join  Hj  Gi  and  Hj  Gj.  Through  Hj,  Gj,  Hj,  and  G2  draw  Oi  O2,  Ii  To*  -^1  Aj  and 
El  E2  parallel  to  P^  Pj. 

Make  Oj  Hj,  O2  Hp  Gj  l^  Gj  Ij,  Hg  Ai,  H,  Aj,  Gj  E^  and  G2  Eg  each  equal  to  OPj. 

Join  Oi  Ii,  Ii  Ai,  Ai  El,  El  Oj,  0,  Ig,  I2  A2,  Aj  Ej  and  O2  Ej. 
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DOUBLY  OBUQUE  P&I8M,  FIRST  ORDER. 


To  describe  a  NUJor  the  iJoubly  Oblique  Prism. — ^Drav  CD  (Fig.  347)  equal  twice  OT 

^  (Fig.  342)  and  DB,  making  the 
7  with  CD,  and  equal  to 


Figr.  347 


tTTicc  OM  (Fig.  342). 

Through  C  draw  CA  parallel 
to  BD,  and  through  B,  BA  par- 
allel to  CD  meeting  in  A. 

Draw  GH  (Fig.  348)  equal 
twice  OT  (Fig.  342)  and  GE, 
making  the  angle  /3  with  GH, 
and  equal  to  twice  OP  (Fig. 
342). 


Through  E  draw  EF  parallel  to  GH  and  through  H,  IIF  parallel  to  EG  meeting 
inF. 


Fig.  348. 


Fig.  S49. 


Also  draw  US  (Fig.  349)  equal  to  twice  OM  (Fig.  342)  and  MK,  making  the 
angle    a   with     MN     and 
equal  to    twice  OP   (Fig. 
342). 

Through  K  draw  iCL 
parallel  to  MN  and  through 
N,  NL  paraUel  to  MK 
meeting  in  L. 

Then  arrange  six  par 
allelograms,  equal  and 
similar  in  pairs  to  the 
three  parallelograms  (Figs. 
347,  348,  and  349),  as  in 
Fig.  350,  and  the  net  will 
he  descrihed.  Fig.  $50. 

Ct-ystals  of  the  following  tnmerals  have  Facet  paraUel  to  the  Basal  Pinaeoids  oo  oo  1  > 
0  P  Naumann ;  0  0  1  Miller ;  P  Brooke  and  Levy.  The  north  atui  south  poles  of  the 
Sphere  of  Frojeetion  may  be  considered  the  poles  of  the  tufo  facet  of  the  Bated  Pinacoidt. 
Albite  BabinRtonite  Chrisdanite  Ollgoclase 


BabinRtonite 
Blue  Vitriol 


Chrisdanite 
Labradarite 


Amte 
Axinite 


The  folloiciny  present  Cleavayet  parallel  to  this  form, 

BaiimffUmite  Labradarite 

CkristiamHe  Wigodetse 


DOUBLY  OBLIQUE  RHOMBIC  PRISM,  SECOND  ORDER. 
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CryttdU  of  ihe  following  minerals  have  Faces  parallel  to  the  Maero-pinacoids  qo  1  oo ; 
00  P  00  Naumann;  (Kl  0  Miller ;  M  Broohe  and  Levy.  The  angles  will  determine  ihe 
position  of  one  of  the  poles. 


AlUte 

North  Polar  distance 

86°  24' 

Longitude  West 

90°   0' 

Azinite 

North     „ 

,, 

89°  55' 

»»            »» 

90°    0* 

Babingtonite 
Blue  Vitriol 

North      „ 

j^ 

87°  26' 

90°   0' 

South      „ 

70°  22' 

90°    0' 

Christianite 

North      „ 

85°  48' 

90°    0' 

Labradorite 

North      „ 

86°  24' 

90°    0' 

Oligoelase 

North      „ 

»f 

86°  24' 

»>           1) 

.90°   0' 

Albite 


The  following  present  Cleavages  parallel  to  this  form, 
Axinite  Christianite  Labradorite  Oligoclaee. 


Crystals  of  the  following  minerals  have  Faces  parallel  to  the  Brachy^pinacoids  1  oo  oo ; 
00  P  00  Naumann  ;  1  0  0  Miller;  T  Brooke  and  Levy. 

Axinite  South  Polar  distance  82°  14'  Longitude  West  12°  86' 

Babingtonite  South      „         ,,  88°   0'  ,,        West  22°  89^ 

Blue  Vitriol  South      „          „  65°   4'  „         East  7°   4' 

Sassoline  North      „          „  75«42'  „        East  0°  18' 

Axinite  and  Babingtonite  have  imperfopt  cleayages  parallel  to  this  form. 


Doubly  Oblique  Rhombic  Prism,  Second  Ozdex.— If  we  bisect  the  edges 
Oi  Ii  (Fig.  346)  O3  Ig  in  F^  and  Fg,  the  edges  Aj  Ej  and  Aj  Ej  in  Bj  and  Bg ;  the  edges 
Oi  Ej,  O2  E2  in  Di  and  Dj ;  and  tiie 
edges  Ai  Ij,  Aj  I2  in  C^  and  Cj  :  and 
then  prick  off  the  points  B^  Dj,  Fj, 
Gi,  Bj,  D2,  F2,  Cj,  and  join  them  as 
in  Fig.  350)  we  shall  derive  from 
the  doubly  oblique  prism  (Fig.  346) 
another  doubly  oblique  prism,  similar 
in  form,  but  differing  in  position  and 
magnitude  with  respect  to  the  oblique 
axes  of  the  anortibic  system. 

This  prism  is  generally  considered 
as  the  combination  of  [three  forms, 
each  consisting  of  a  pair  of  parallel 
faces. 

Bi  Dj  Ci  Fj  and  B2  Dg  ^2  Fj  are  regarded  as  faces  of  the  basal  pinacoid. 

Symbols,— ThQ  form  whose  faces  are  Di  Fj  Fg  Dj  and  Bj  Cj  Cg  Bg  cuts^each  of  the 
axes  Mj  Mj,  T^  Tg  at  the  extremities  of  their  parameters,  and  is  parallel  to  the  third 
axis  P^  p2>  Its  symbol  is  1  1  oo* ;  00  P  j  Naumann ;  1  1  0  Miller ;  H^  Brooke  and 
Levy. 

The  form  whose  faces  are  Bj  D^  B2  Dg  and  Cj  Fj  Cj  Fg  cuts  each  'of  the  axes 
\  Mg,  T,  T2  (Fig.  346)  at  the  extremities  of  their  parameters,  and  is  parallel  to  the  third 
axis  Pj  P2.    Its  symbol  is  1  1  qo  ;  00  j  P  Naumann ;  1 1  0  Miller ;  G  Brooke  and  Levy. 


rig.  351. 
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The  form  1  1  oo  ;  oo  P|  Naumann ;  1  1  0  Miller ;  H^  Brooke  aad  lioyy,  occurs  in 

Albite  South  Polar  distance    69°  V    Longitade  West  9SP  SOT 

Axinite  Sonth  „  „  Sl^'SO'  ,,  West  48»4I' 

Blue  Vitriol  South  ,,  „  62°  2T  „  West  60»88^ 

Christianite  South  „  „  69''   3'  „  West  SPSS' 

Labradorite  South  „  »  eO"  9'  ,,  West  S3<'5<r 

Oligoclase  South  „  „  <»»  ^  „  West  $«•«' 

Sasaoline  North  „  „  80^33'  „  West  M»  r 

Blue  Titrlol,  Labradorite,  and  Oligoclase  hare  imperfect  deaicagpea  parallel  to  this 

form. 

The  form  1  1  oo.;   oo;p  Naumann;  110  Miller;  6>  Brooke  and  Lety. 


Albite 

North  Polar  distance 

6P5y    Longitude  West 

1«)»44' 

Axinite 

North     „ 

83=»33' 

West 

160»   1' 

Babingtonite 

Notrth     ff 

M 

85«64'           , 

187°  4y 

Blue  Vitriol 

Bouth      1, 

83°   8' 

;         West 

116°  24' 

Christianite 

North     „ 

,, 

65«38'           , 

W«8t 

146°  35' 

Labradorite 

North      ., 

jj 

64°  5y          , 

West 

150°  44* 

Oligoclase 

North      „ 

jj 

64°  55' 

West 

150°  44' 

Sassoline 

South      M 

„ 

84°  57'           , 

,         West 

119°  5y 

Albite  and  Blue  Vitriol  have  deavages  parallel  to  this  form. 

Doubly  Obliqve  Vxisms  dezlTed  from  tluit  of  tho  Socond  Oxdez.— By 
making  OT^  and  OT,  in  Fig.  346  n  times  greater  than  the  parameter  OT  (Fig.  342}, 
where  n  is  any  whole  numher  or  fraction  greater  than  unity,  we  may  from  Fig.  346, 
so  altered,  derive  another  prism  of  th^  second  order  composed  of  the  basal  pinacoids 
and  two  forms  whose  symbols  will  be 

fi  1  00  ;  00  P[  It  Naninann ;  1  ft  0  Miller ;  H*  Brooke  and  Lery. 
and  «  1-  oo  ;  <»  j  p  n  Naumann ;  1  w  0  Miller ;  G»  Brooke  and  Levy. 
By  making  OM,  and  OM,  (Fig.  346)  it  times  greater  iiiaii  tiie  paramoter  OM 
(Fig.  342),  where  n  is  any  whole  numb^  or  fraction  greater  Hian  unity,  we  may  from 
Fig.  346,  so  altered,  derive  a  prism  of  the  second  ordor  oompoa^d  of  the  basal  pinacoids 
and  two  forms  whose  symbols  will  be 

1  n  00  ;  00  PJ  ft  Naumann ;  ft  1  0  Miller ;  H»  Brooke  and  Levy. 
and  1  fi  00  ;  00  J  P  ft  Naimiann ;  a  1  0  Miller ;  &*  Brooke  and  I«yy. 

The  form  3  1  0 ;  oo  P;  3  Naumann ;  1  3^0  Miller ;  H'  Brooke  and  Levy. 

Albite  South  Polar  distance    79^56'       Longitude  West    Bt*lV 

Christianite  „  „  80°  33'  „        „  62°   ST 

OUgodase  „  „  79°  56'  „        „  62°  ly 

The  form  3  10;  oo  ;  P  3  Naumann ;  1  3  0  Miller ;  G^  Brooke  and  Lery. 

Albite  North  Polar  distanee    7r>21'       Longitade  West    IKTlOr 

Christianite  „  „  7S»48'  „         „  117«»2r 

OUgoclase  „  „  73' 21'  „        „  119*  Vf 

The  form  2  1  0;  oo  P'  2  Naumann;  12  0  Miller;  H*  Brooke  and  Levy. 

Axinite,  South  Polar  distance    dS"*  14'       Longitude  West    61°   7' 

The  form  2  10;  oo  [P  2  Naumann;~l  2  0  Miller;  G^  Brodke  and  Levy. 
Blue  Titriol,  South  Polar  distance    77»47'       Longitiide  West   104°  22' 

The  form  120;  ooP|  2  Naumann;  2  10  Miller;  H^  Brooke  and  Levy. 

Babingtonite,  North  Polar  distance    89>35'       Longitude  West   4^10' 
The  form  1  2  0  ;  oo  ;P  2  Nanmann;  Tl  0  Miller;  G^  Brooko  and  Levy. 
Blue  Yitriol,  North  Polar  distance    87'>2r       LongiUideWflrt    ISBPy 


DOUBLY  OBLIQUE  PRISM,  THIRD  ORDER. 
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Fig.  352. 


Doubly  ObUtue  Vziim,  Thixd  Oidei.— Thd  doubly  oblique  pidam  of  tbe 
tbird   order   may  be 

drawn  by  pricking  off  **! 

the  points  D^,  Oj,  H,, 
Gi,  Dj,  Cj,  Hj^andGj 
from  Fig.  346,  and 
joining  them  as  in 
Fig.  352.  It  is  simi- 
lar in  form,  but  differs 
both  in  magnitude  and 
position,  from  that  of 
the  first  order.  It 
may  be  regarded  as 
composed  of  three 
forms,  each  consisting  of  two  parallel  faces.  D^  Hj  G,  D^  and  C^  Gi  C,  H,  are  the  faces 
of  the  maoro-pinacoid. 

Symbols, — The  faces  of  both  the  other  forms  cut  the  axes  P^  P,  (Fig.  346),  T^  Tj 
at  the  extremities  of  their  parameters,  and  are  parallel  to  the  third  axis  M^  Mj. 

The  symbol  fine  the  form  whose  faces  are  D^  Cj  H^  Gj  and  Gg  Eg  Cg  D^  is  1  oo  1 ; 
1?^  00  Kaumann ;  1  0  1  Miller ;  F^  Brooke  and  Levy. 

The  symbol  for  the  form  whose  faces  are  Dj  Cj  Hj  G^  and  Hj  Gj  Cj  Dg  is  1  oo  1 ; 
^Pi  00  Naumann;  10  1  Miller;  B»  Brooke  and  Levy. 

The  form  1  oo  1 ;  ^P^  oo  Naumann ;  1  0  1  Miller ;  F*  Brooke  and  Levy,  occurs  in 

Albite          North  Polar  distance  52»37'  Longitude  West     3^  8' 

Axinite               „               „  56°  68'                 „       —    ' 

BlueYitriol         „               „  29^42'                 „ 

Christianite         „              „  51°  33'                „ 

OUgoclas*           „               „  52*37'                 „ 

SasMline            „              „  240  21'                „ 

Axinite  has  an  imperfect  cleavage  parallel  to  this  form. 


West  12°  86' 

East  7°   4' 

East  r  ly 

West  8<»   8' 

East  0°  18' 


The  forml  oo  1 ;  ^Pj  oo  Naumann ;  1  0  1  Miller ;  B^  Brooke  and  Levy. 


Blue  Vitriol    North  Polar  distance    20' 27' 
Sassoline  „  „  80=*  28' 


Longitude  East   187'   4' 
„         West  17'J  42' 


DeriTed  Donbly  Oblique  Fxiaiiui  of  th*  TUsd  Ovdex.  —  By  making 
0?!  and  OPg  in  Fig.  346,  m  times  the  parameter  OP  (Fig.  342),  and  from  the  figure  so 
altcred'obtaining  a  prism  of  the  third  order,  another  series  of  doubly  oblique  prisms  similar 
in  form  and  position,  but  differing  in  magnitude  from  Fig.  362,  may  be  derived,  m 
may  be  any  whole  number  or  fraction  greater  or  less  than  unity. 

Symbols. — The  symbol  for  the  form  whose  faces  are  D^  C^  Hj  G^  and  Gj  Hg  Cg  Dg,  is 

1  00  m ;  m  iPi  00  Naumann ;  oi  0  1  Miller ;  F»»  Brooke  and  Levy. 

The  symbol  for  the  form  whose  faces  are  D^  C^  Hj  Gg  and  H^  Gj  Cj  D^,  is  1  oo  « ; 

--  -  L 

»i  'Pi  00  Naumann ;  w»  0  1  Miller ;  B«»  Brooke  and  Levy. 

The  form  1  oo  j  ;  f  iP^  oo  Naumann ;  2  0  3  Miller ;  F^  Brooke  and  Levy. 
Chi'istianite   North  Polar  distance    34°  48'       Longitude  East    P 19* 
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DOUBLY  OBLIQUE  PRISMS,  FOURTH  ORD£B. 


The  form  1  oo  2;  2  iP»  oo  Naiimann;  2  0  1  Miller ;  F*  Brooke  and  LcTy. 
North  Polar  distance 


820  25' 
ST"  16' 
81°  31' 
82°  25' 
82^25' 


Longitude  Weft  3*   8' 

,,         East  70   4' 

„         East  1°19' 

„         Weet  8**   8' 

„         West  V   8' 


Albite 
Blue  Vitriol 
Christianite 
Labradorite 
Oligoclase 

The  form  1  00  2 ;  2  ^Pi  00  Naumann ;  2  0  1  Miller ;  B»  Brooke  and  Levy. 
Christianite  North  Polar  distance  41°  14'       Longitude  West  178*  41' 

The  form  1  00  3  ;  Sj  F  00  Naumann ;  3  0  1  Miller ;  F^  Brooke  and  Levy. 
Blue  Vitriol    North  Polar  distance    74°  42'       Longitude  East  7°  4' 


Doubly  ObUque  Pxism  of  the  Fouzth  0»de»,— By  pricking  off  the  points 

^  ^U  ^2*  ^1*  ^  Sl»  ^  ^l 

and  G,  from  Fig.  346, 
and  joining  them  as  in 
Fig.  353,  a  doubly  ob- 
lique prism  of  the  fourth 
order  may  he  derived, 
similar  in  form  but  dif- 
f  ei  ing  in  magnitude  and 
position  from  that  of 
the  first  order.  This 
prism  is  a  combination 
of  three  forms, .  each 
^^^'  ^^''  consisting  of  a  pair  of 

parallel  faces.    F,  Hj  Fj  Gi  and  B^  Hj  B^  Gj  are  regarded  as  faces  of  the  hraehy-ptM- 
coidsy  being  parallel  to  the  axes  F^  Pj  and  M^  M,  (Fig.  346). 

Symbols. — The  faces  of  both  the  other  forms  cut  the  axes  P^  P^,  Mj  M.^,  at  the 
extremities  of  their  parameters,  and  are  parallel  to  the  third  axis  Tj  Tj  (Fig.  346). 

The  symbol  for  the  form  whose  faces  are  Bj  Fj  Hj  G3  and  H3  Gj  Fo  B2  is  00 1  1 ; 
^P»  00  Naumann  ;  0  1 1  Miller ;  D*  Brooke  and  Levy.   - 

The  symbol  for  the  form  whose  faces  are  B^  F^  Gj  Ho  and  Gj  Hj  F,  B2  is  00 11; 
jFj  00  Naumann :  OT  1  Miller ;  C^  Brooke  and  Levy. 

The  form  00 1  1 ;  iPj  00  Naumann ;  0  1  1  Miller ;  D^  Brooke  and  Levy,  occurs  in— 
Axinite        North  polar  distance    44°  43'         Longitude  West    90°   0' 
Babingtonite        „  „  29°  35'  „  „        90°    C 

Blue  Vitriol         „  „  50»28'  „  „        90»   C 

Axinite  has  a  cleavage  parallel  to  this  form. 

The  form  00  1  1 ;  jpj  00  Naumann ;  0  1 1  Miller ;  C^  Brooke  and  Levy. 
Axinite         South  polar  distance    44^  48'         Longitude  West    90*^    0' 

DeziTed  Doubly  Oblique  Prisms  of  the  Fouzth  Order.— By  making  OPi 
and  OPo  (Fig.  346)  m  times  the  parameter  OP  (Fig.  342),  wjbere  m  may  be  any  whole 
number  or  fraction  greater  or  less  than  unity ;  and  from  Fig.  346,  so  altered,  obtaining 
a  prism  of  the  fourth  order,  a  series  of  prisms  may  be  derived,  similar  in  form  and 
position,  but  differing  in  magnitude  from  Fig.  353. 

Symbols. — The  symbol  for  the  form  whose  faces  are  Bj  F^  Hj  G^  and  H.  G^  Fo  Bo, 

—  JL 

is  00  1  m ;  m  ^Pj  00  Naumann ;  0  m  1  Miller ;  D"  Brooke  and  Levy. 


POU^T  OBUQUE  OCTAHEPRON. 


4a5 


Fig.  354. 


The  sfmheik  iw  ike  form  who«e  faces  cure  B^  Fi  G^  H,  and  O,  H^  F^  B,,  is  oo  1  m  ; 
J  ,P.  00  Nauinann ;  0  m  1  Miller ;  C"»  Brooke  and  Levy. 
Ilie  form  «©  1  J  ;  J  'P  <»  Naumann ;  0  1  2  Miller ;  D '  Brooke  and  Levy. 
Axinito        Nortb  polar  distancd    2e^21'        Longitude  West   90°  0' 

The  form  oo  1  2;  2 'F  oo  Naumann ;  0  2  1  Miller;  D*  Brooke  and  Levy. 
Albite  North  polar  distance    42°  34'         Longitude  "West    90*  C 

Christianite  „  „  42°  38'  „  „       90°   0' 

Oligoclase  „  „  42°  34'  „  „        90°  0' 

The  form  ooT  2 ;  2  ,P,  oo  Naumann ;  0  2  1  Miller ;  C^  Brooke  and  Levy. 
Albite  North  polar  distance    46°  5'         Longitade  East      M°  0' 

Christianite  „  „  46°  47'  „  „       90°  0' 

Oligoclase  ,.  „  46°   5'  „  „       90^  0' 

9mMiy  Oldiqme  Octah^dxon. — Theldoublj/  oblique  octahedron^  or  the  trichnohe' 
ithpframidy  is  a  solid  hounded  hy  eight 
scalene  triangjles.  These  triangular  faces 
lie  Duly  equal  and  sinrilar  to  each  other 
in  pairs ;  every  face,  such  as  P^  Mj  T^ 
(Fig.  3^4),  having  a  similar  and  equal 
iMK,  P»  M,  T2,  parallel  to  it.  This  solid 
may  be  regarded  as  a  combination  of 
four  open  forms,  each  form  consisting  of 
a  pair  of  similar  and  parallel  faces. 
Ihea9  forms  are  called  ietarto-pj/ramuia, 
and  oan  only  appear  in  combination  with  other  forms. 

To  draw  the  doubly  oblique  octahedron.— Vrifik.  off  from  Fig.  346  the  points  Pj,  Po  ^ 
Ml,  Mj,  T^  and  T^,  and  join  them  as  in  Fig.  354. 

Axes, — ^The  axes  of  the  doubly  oblique  or  anorthic  system  join  the  points  Pi  Po, 
Ml  M„  and  T»  T,  (Fig.  354). 

Symbols. — Every  face  of  ths  doubly  oblique  octahedron  cuts  the  three  axes  Pj  P^, 
M|  Mg,.  aaii  T^  T2  at  the  extremities  of  their  parameters. 

The  symbol  for  the  form  whose  faces  are  P,  M^  T^  and  Pj  M2  To  is  1  1  1 ; 
pi  Naumann  ;  1  1  1  Miller ;  0^  Brooke  and  Levy. 

The  symbol  for  the  form  whose  feces   are   Pi  Mi  T2  and  P^  Mg  Ti  is  1  1  1 ; 
*P  Naumami ;  1  1  1  Miller ;  E^  Brooke  and  Levy. 

The  symbol  for  the  fdrm  whose  feces  are  Pj  Mg  T2  and  Pj  Mj  Ti  is  1  1 1 ; 
Pi  Naumann ;  1  1  1  Miller ;  A^  Brooke  and  Levy. 

The  symbol   for  the  form  whose  faces   are  P|  M^  Ti  and  P^  Mi  Tg  is  Tl  1 
iP  Naumann;  111  Miller ;  I^  Brooke  and  Levy. 

To  describe  a  Net  for  the  Doubly  Oblique  Octahedron. — 
Let  a,  /B,  and  7  be  the  three  angular  elements  given  under 
those  letters  for  a  particular  substance  (page  458),  whose 
octahedron  is  to  be  constructed. 

Draw  two  lines  OMi,  OPi  (Fig.  365),  m'aking  the 
angle  a,  with  each  other,  produce  OMj  to  Mj,  make 
OMi,  OM2  each  equal  to  the  parameter  OM  (Fig.  342) 
constructed  for  the  particular  substance,  and  OPj  equal  to  the  parameter  OP  (Fig.  342). 
Join  Pi  Ml  and  Pj.  M^j. 


INORGANIC  NATURE.— No,  XVI. 


2  H 
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NET  FOB  DOUBLY  OBLIQUE  OCTAHEDBON. 


Draw  OPi,  OT^  (Fig.  366),  making  the  angle  $  with  each  other,  produce  OTj  to  T^ 
make  OTj  and  OTj  equal  to  OT  (Fig.  342),  and  OPj  equal  to  OP  (Fig.  342).  Join 
Pj  Ti  and  Pj  Tj.  .  -^ 


Fig.  356. 

Also  draw  OTj  and  OMi  (Fig.  357),  making  the  angle  y  with  each  other,  produce 

OTj  to  Tjj,  make  OT^  and  OT^  equal  to 
OT  (Fig.  342),  and  OMj  equal  to  OM 
(Fig.  342).    Join  Mj  Tj  and  Mj  T^ 

Then  Fig.  358,  draw  M^  T^  equal 
to  Ml  Ti  (Fig.  357),  on  it  constract 
the  triangle  Mj  P^  T^  having  its  side 
Ml  Pi  equal  Mj  Pi  (Fig.  355),  and  the 
remaining  side  P^  Ti  equal  Pi  Tj  (Pig. 
356). 

On  P|  Ml  construct  the  triangle 
Pi  Tj  Ml,  having  Mi  Tg  equal  Mj  Tj 
(Fig.  357)  and  Pj  T^  equal  to  Pi  % 
(Fig.  356). 

On  Pi  Tj  construct  the  triangle 
Pi  Tj  Mj  having  T^  Mg  equal  Ti  Mi 
(Fig.  357)  and  Pi  Mj' equal  Pi  M, 
(Fig.  355). 

On  Pi  M,  construct  the  triangle 
Pi  Mj  %  having  Mj  T3  equal  Mi  Tj 
(Fig.  357)  and  Pj  T,  equal  P,  Tj 
(Fig.  356). 

Then  construct  four  other  trian^es 
equal  and  similar  to  each  of  these,  and  arrange  them  as  in  Fig.  358,  and  the  net  will 
be  described. 

The  form  1  1  1 ;  P^  Naumann ;    1  1  1  Miller ;   0^  Brooke  and  Levy,  has  been 
observed  in 

Albite  North  Polar  distance    54°  44'    Longitude  West    SS^  5(f 

Axinite  „  „  64°  67'  „  „       45°  41' 

Christianite  „  „  54°  22*  „  „       81°  Sy 

Oligodaae  „  „  54°  44'  „  „       33°  SC 

Sassoline  „  „  41°    6'  „  „       59°    & 

The  form  111;  *P  Naumann;  Til  Miller;  E*  Brooke  and  Levy. 

Axinite  North  Polar  diatanoe  50°  86'  Longitude  West  150°    1' 

Blue  Vitriol                „              „  48°  51'            „           „  116°  24' 

Christianite                  „              „  45°  14'            „           „  146°  35' 

Sassoline                     „              „  48°    (/            „           „  119°  65' 

'    The  form  111;  Pj  Naumann;  1 1  T Miller ;  A^  Brooke  and  Levy. 
Sassoline    North  Polar  distance    SfP  53'    Longitude  East    120°  MT 


Fig.  358. 


DERIVED  DOUBLY  OBLIQUE  OCTAHEDRON. 
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The  form  111;  iP  Naumann ;  1  1  1  Miller ;  I^  Brooke  and  Levy. 

Albite             North  Polar  distance  67°  87'  Longitude  Eaat  29°  16' 

Axinite           South     „           „  60°   V          „  West  150°   1' 

Chriatianite    North    „          ,,  68°  1</          „  East  88°  25' 

Oligoolase      North     „           „  57°  87'           „  Eaat  29°  16' 

North     „          „  42°  51'          „  East  60°   6' 


Angular  EUmmts  of  the  Anorihie  System, — Fiye  of  the  angular  elements  given  in 
page  458  are  necessary  for  the  construction  of  any  of  the  forms  of  the  anorthic  system ; 
0  is  the  inclination  of  the  axis  OPj  (Fig.  340)  to  OMi,  /8  of  the  axis  OPj  to  0T„ 
and  7  of  the  axis  OM^  to  OT^ ;  A  is  the  inclination  of  the  plane  Pi  OT^  to  the  plane 
Mj  OTi ;  B  is  the  inclination  of  the  plane  P^  OMj  to  the  plane  M^  OTi ;  and  e  is  the 
inclination  of  the  plane  P^  OM^  to  the  plane  P^  OTj ;  the  remaining  elements  5  and  c 
depend  upon  tiie  ratios  which  the  unequal  parameters  OP^i  OM^  and  OTj  bear  to 
each  other. 

DeziTed  Doubly  Oblique  Octahedroiui.— By  making  OP^  and  OP,  equal 
to  m  times  the  parameter  OP  (Fig.  342)  where  m  may  be  any  whole  number  or 
fraction  greater,  equal  to,  or  less  than  unity ;  and  OT^  and  OT,  equal  to  n  times  the 
parameter  OT  (Fig.  342),  where  n  is  any  whole  number  or  fraction  greater  than  unity, 
we  may  from  Fig.  342  so  altered  derive  a  series  of  doubly  oblique  octahedrons,  whose 
general  symbol  will  be  n  1  m.  By  making  OM^  and  OM,  equal  to  n  times  OM 
(Fig.  342)  instead  of  OT^  n  times  OT^,  we  may  obtain  another  series  of  octahedrons 
whose  general  symbol  will  be  1  n  m. 

Symbols  for  the  Forms  eon^posing  the  Derived  Octahedrons, 
The  symbols  for  the  form  1  1  «i  are m P^  Naumann ;  mml  Miller  j  0"*  Brooke 
and  Levy. 

For  the  form  I  1  m ,  m^V  Naumann ;  mml  Miller ;  E"*  Brooke  and  Levy. 
;  For  the  form  llm;  m  iP  Naumann ;  mml  Miller ;  I*"  Brooke  and  Leyy. 
For  the  form  llm;  wi  Pj  Naumann ;  mml  Miller ;  A**  Brooke  and  Levy. 
For  the  form  I  nl;  Pi  «  Naumann ;  w  1  w  Miller ;  „0  Brooke  and  Levy. 
For  the  form  f  w  1 ;  ^P  w  Naumann ;  nln  Miller;  ^E  Brooke  and  Levy. 
For  the  form  1  7*  1 ;  {P  n  Naumann ;  nl  n  Miller ;  „I  Brooke  and  Levy. 
For  the  form  1  «  1 ;  TPj  n  Naumann ;  nln  MiUer ;  „A  Brooke  and  Levy. 
For  the  form  «  1  1 ;  P»  n  Naumann ;  Inn  MiUer ;  0„  Brooke  and  Levy. 
For  the  form  ;T  1  1 ;  »P  w  Naumann ;  Inn  Miller ;  E„  Brooke  and  Levy. 
For  the  form  nl  1 ;  ^V  n  Naumann ;  1  «  «  Miller  ;  I„  Brooke  and  Levy. 

For  the  form  »  1  1 ;  Pj  n  Naumann';  Inn  Miller ;  A»  Brooke  and  Levy. 

^  111 

For  the  form  Inm;  mV^n  Naumann ;  hkl  Miller ;  B^  F*  H/  Brooke  and  Levy. 

w  r     1     1 

For  the  form  Inm;  m^Vn  Naumann  ;hkl  Miller ;  B^  D*  G^  Brooke  and  Levy. 

_  ^  _  111 

For  the  form  Inm;  m  ^V  n  Naumann  ;hkl  Miller ;  F'^"  C*^  G*"  Brooke  and  Levy. 

For  the  form  Inm;  mV^n  Naumann ;  h  k  I  MiUer ;  C^  B*  H'  Brooke  and  Levy. 

_  111 

For  the  form  nlm;  mV^  n  Naumann ;  hkl  Miller ;  D^  F*  H'  Brooke  and  Levy. 
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_  111 

Fortheformnl  m;  m  ^P  n  NaanuiUL ;  Ail'/Miller;  B^  D*  G''  Brooke  and] 

^    I     ^ 
Fortliefonii«lM;  m  ^P  »  Nauansn ;  A^/Miller;]l%  (>  Gf  BDookeandJ 

1^     1     1 
For  the  form  nl  m;  m  Pj  n  Naumann  \h  kl  Miller ;  C^  B^  H'  Birooko  and ! 
As  r«lition  between  ilw  s  jmbols  hkl,  and  I  n  m,  ia  that  tifee  iaanar  m 
mumenctora  of  tbe  itcipzocals  of  tha  latter  roduced  to  a  commoa  deoommatOR 

The  form  1  I  i  ;  i  P^  Navmann ;  1 1 2JM3Ier ;  0^  Brooke  and  Leyj  occnn  ii 
North  PoUr  distanee    29"  50*       liOiigitade  West   S9°9(r 


The  form  1 1  i ;  |  iP  Kanmann;  112  Miller;  I^  Brooke  and  Lery. 
Albite       North  Polar  distaaee    2SP  5y      Longitade  East   29°  16^ 
Aadnite     Soutk     „        „  38»  4r  „         West  1M«   r 

The  form  1 1  2 ;  2  ^P  Naumann ;  2  2  1  Miller ;  P  Brooke  and  Levy. 
Christianite    North  Polar  distance    8JP  T       LoBgitode  East    33o^2.r 


The  form  1  3  3;  SF  3 Naumann;  3  11  Miller;  D^  F  H^  Brooke  and loT] 
BhwYttiiol   North  Polar  distance    86o2r       Longitade  West    S6»5r 

The  form  r2  2;  2  ^P  2  Naumann ;  2  1  1  Miller,  B^  D^  G^  Brooke  and Leiy 
Blae  ^triol    North  Polar  distance    51°   I'       Longitude  West  133°    5' 

The  form  12  2;  2  ^P  2  Naumann;  2  1  1  Miller;  T^  C^  (^  Broodw  and  LflTj 
kxinite    South  Polar  distance    75°  27'       Longitade  West  109"*  59^ 

The  form  2  14;  4  F  2  Naumann;  2  4  1  Miller ;  D^  pi  H»  Brooke  and  Le 
Ghiiitiaaits   North  Polar  dfetance    9IP29       Longitade  West    5PS1' 

The  form  2  14;  4  jP  2  Naumann ;  2  4  1  Miller;  F*  C*  G^  Brooke  and  Ler 
Chztetisiiit^   North  Poiardistawio    88P  4r       Longitade  East    55°  22^ 

ThefixrmSl  2;  2  P^  2  Naumami ;  1  31  Miller;  D^  F^  H^  Brooke  and  Ler 
Axi&ito   Nortii  Polar  dtabmcB    72=>  9^       Longitade  West    6n7' 

Theform8  13;  3  P^  3  Naunuma;  1  3  1  Miller;  B>  F^  H^  Brooke  and  Lev; 
Azinite    North  Polar  distance    76°  34^       Longitade  West    69'>   8' 

To  determine  theporitum  trf  thepoin  of  any  form  on  the  sphere  of  projection,—. 
and  /  be  Millei'B  symbola  &r  any  Uot^  and  \  the  nortk  polar  distance  of  the  pole  < 
of  its  faces  on  the  sphere  of  projection,  and  /&  the  longitude  of  that  pole,  west  fix) 
point  where  tiie  axis  O  Tj  eats  the  sphere,  the  point  where  the  axis  0  Z  cu 
spkere,  or  the  pole  of  the  face  qo  oo  1,.  being  taken  aa  the  north  pole  <^  the  spbere. 

tan  ^=:-co87tanS        ^=:^co8(45-(-9)cot$  cosec  7  sec  45  sec  ^ 


tan9=-cos/8tanc        /  = /'cos  (45 -(-9)  cot  c  coeec /3  sec  45  sec  0 


tanifr=JcQBA  f  =  ^  eos  (45 -{- ^)  coeec  A  sec  45  sec  1^ 

tanftrrj  tan  X.  =  -  aec /i 

When  A  =:  0  and  i  =  o  then  9  =  0;  when  A  ==  0  and  /  =:  0  then  ^  =  0 ; 
whon  f  =:  •  and  $'  =  «v  then  r  =:  ok    %^  and  f  aro  anhaidiary  angiee. 
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TWIN  CRYSTALS. 

A  Ttain  Orystal,  -or  MaeUe  Crystal,  is  composed  of  two  crystals,  or  similar  portions  of 
two  crystals  joiaed  together  ia  such  a  maimer  that  one  would  come  into  the  position 

Pa 


^A». 


Fig.  359. 
of  the  oAhtr  hy  rerolTing  through  two  right  angles 
to  a  plane^  which  either  is,  or  may  he,  a 
face  of  either  crystal.    From  thi^  property, 
twin  ^irysUk  are  called  hemitrope  erysUUSj  by 
Haiiy. 

The  axis  ahout  which  the  crystals  are 
supposed  to  revolve  is  called  the  twin  axis, 
and  the  plane  to  which  it  is  perpendicular 
the  twin  plane. 

Twin  Crystal  of  the  Octahedron  about  the 
Octahedral  Axis. — If  we  hisect  the  edges  Pi  P4 
(Fig.  361),  Pi  Ps,  P5  Pj.  P,  Pe,  P3  P.,  and 
P3  P4  of  the  octahedron  Pj  P5  Pg,  by  the  points 


Fig.seo. 
round  an  axis  which  is  perpendicidar 
Pl  Xaz 


Fig.  "SCJ. 


Fig.  861. 

i,  Os,  a^  04,  05  and  a^,  and  join  these 
points ;  th^i  suppose  the 
octahedron  cut  in  half  by 
a  plane  passing  through 
0j  02  ^3  ^4  ^5  ^61  and  a  wire 
axis  or  pin  passed  through 
the  <?entre  of  the  octahed^n 
perpendicular  to  the  plans 
01020}  04050e.  This  axis' will 
correspond  to  tJie  octahedral 
axis  Aj  Ag  (Fig.  17),  if  the 
octahedron  be  iiiscribed  m. 
a  cube,  as  in  Fig.  2L 

Let  now  the  lower  porti<»a 
of  the  "octahedron  be  sepat 
rat^d  fifom  the  upper  a«d 
made  to  revolve  through  as 
angle  6f  180%  reuriid  the 
axis  A2  Ag,  till  it  comet  mic- 
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cessiYely  into  the  position  shown  in  Figs.  360  and  359 ;  and  a  ttcin  etytttU 
formed.    The  plane  a^  a,  &o.  a^,  is  the  twin  plane,  and  the  line  A,  A«,  which 

pcndicnlar  to  it,  the  twi 
This  twin  oryBtal  ii 
quent  occurrence  amci 
tals  of  the  diamond  i 
spinelle  ruby. 

Twin  Crystal  of  i 
about  the  Octahedral 
By  bisecting  the  edge 
cube  A4  A3  (Fig.  362), 
■A-i  Aj,  A5  A^  A^  At, 
in  the  points  a^a^ii^i 
Os ;  making  a  section  ol 
plane  passing  throng 
points,  and  causing  th 
section  to  rerolve  thi 
angle  of  180°  round  1 
Fig.  863.  A2  A«,  when  it  wiU  co 

the  position  indicated  in  Fig.  363,  we  shall  obtain  a  twin  crystal  of  the  cube. 
The  twin  crystal  of  the  octahedron  (Fig.  361),  and  of  the  cube  (Fig.  363)^ 
cases  of  some  of  the  &ces  being  incUncd  to  each  other  at  re-entering  angles.   1 
\  S  general  characteristic  of  twin  crystals ;  though  there  are  instances,  of  which  1 


Fig.  864. 

of  the  rhombic  dodecahedron  is  one,  where  the  twins  ai«  united  without  prodi 
entering  angles. 

Twin  Orystala  of  the  Rhombic  Dodecahedron  about  the  Octahedral  Axis, — Ta] 
a^a^a^  and  a^  on  the  edges  of  the  rhombic  dodecahedron  (Fig.  365),  such  thai 
one-third  of  P^  O4 ;  Oi  Oj  one-third  of  P4  Oj;  O5  a^  one-third  of  Oj  V^  and  0 
third  of  Oe  Pe ;  join  a^  a^  a^  and  draw  a^  a^  parallel  to  03  04,  a^  a^toa 
as  04  to  Ol  Oj.  The  plane  passing  through  a^  aj  a^  &c.,  a,  will  be  perpendiculfl 
octahedral  axis  A,  Ag ;  a  section  being  made  through  this  plane  and  the  lowe 
the  rhombic  dodecahedron  made  to  revolve  about  the  axis  Aj  Ag  until  it  co: 
the  position  (Fig.  364),  a  twin  crystal  will  be  formed,  which  has  no  re- 
angles. 

It  is  not  essential  that  the  members  of  a  twin  crystal  should  bo  exactly 
o£  the  iform  from  which  they  axe  derived.    Thus  two  sections  of  the  octahedron 
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to  that  shown  in  Fig.  11,  may  be  united  to  form  a  twin.  Sometiniea  the  two  members 
of  the  twin  may  both  be  completely  formed,  so  as  to  produce  the  appearance  of  two 
crystals  penetrating  one  another.    Thus.Fig.  366  represents  each  cube  in  Fig.  363 


Fig.  866.  Fig.  367. 

completed,  and  forming,  as  it  were,  two  cubes  penetrating  each  other.    This  fonn^f 
twin  crystal  is  frequently  found  in  fluor  spar  and  iron  pyrites. 

Fig.  367  represents  two  octahedrons  of  fahlerz,  or  gray  copper  ore,  intersecting 
each  other,  and  forming  a  twin  crystal. 

Nets  for  Twin  OryttdU  of  the  Octahedron. 


Rg.  370. 

Prick  off  the  points  Pj  Pj  P^  0^  Rj  E4  from  Fig.  22 ;  join  Pi  Pj,  P5  Pg,  Pi  P3  and 
B4  Bi,  then  one  triangle  similar  and  equal  to  Pi  P5  Pj,  three  equal  to  Pi  B4  £1  and 
three  trapeziums  similar  and  equal  to  Bi  B4  P5  P,,  and 
a  regular  hexagon  having  its  sides  equal  to  Bi  B4  j 
arranged  as  in  Fig.  369 ;  will  form  the  net  for  one 
member  of  the  twin;  the  axis  will  pass  through  the 
point  Oi  of  the  triangle  Pi  P5  Pj  and  the  centre  of  the 
hexagonal  face. 

Net  for  the  Twin  Crystal  of  the  Rhombic  Dodecahedron, 
—Draw  the  rhomb  Pi  Oj  0^  Pj  (Fig.  370)  similar  and 
equal  to  the  rhomb  (Fig.  30).  Through  Bj  the  centre 
of  the  rhomb  draw  the  Une  ^i  Bi  ^2  perpendicular  to 
Pi  O2  or  Oi  Pj.  Then  three  rhombs  similar  and  equal  to  Pi  O2  P2  Oi ;  six  trapeziuniB 
similar  and  equal  to  Pi  Oi  (ij  ^u  tuid  a  regular  hexagon  haying  its  sides  equal  to 
Qi  02,  arranged  as  in  Fig.  371,  will  form  a  net  for  one  member  of  the  twin.  The 
twin  axis  wiU  pass  through  the  point  where  the  three  rhombs  meet,  and  the  centre  of 
I  the  hexagonal  f&ce. 


Fig.  371. 


\ 


<T2 


TWm  CRYSTALS. 


^Hien  the  ciyrtallograpliic  teefc  of  the  two  members  of  the  twin  crystal «»  p 
to  each  othet,  as  in  the  case  of  the  twin,  Pig.  367,  so  that  the  cleayagcs  of  the  o 
pardlel  to  or  continued  one  into  t5ie  other  withont  interruption ;  we  fssamakMt 
with  certainty  whether  such  crystals  are  to  be  considered  as  twins,  or  only 
crystals  whose  faces  are  repeated  with  a  certain  degree  of  regularity.  Thu« 
doubtful  whether  Fig.  367  is  a  twin,  or  a  regular  oombinalion  of  the  positi^ 
negative  tetrahedrons.  Figs.  92  and  93. 

In  pyrites  the  positiye  and  negative  pentagonal  dodecahedrons,  Figs.  US  an 
and  in  the  diamond  the  positive  and  negative  six-faoed  tetrahedronfl,  Fi^  lt)7«n 
are  united  together  in  a  similar  manner,  forming  doubtM  twins. 

Ttvin  Crystals^  Cubical  System. 
Twin  face  parallel  to  a  face  of  the  octahedron. 

Alabandine  Diamond  Onlewi 

Blende  Fahlerz  Gold 

Bornite  Fluor  Linneite 

Copper  Oahnite  Magnetite 

Twin  face  parallel  to  a  face  of  the  rhombic  dodecahedron. 
Diamond  Eulytine  Fahlerz 

Tufin  Crystals 'Pyramidal  Syiten, 

Twin  fiEu^e  parallel  to  a  face  of  the  square  prism  1  oo  go  . 
Towanite 

Twin  face  parallel  to  a  face  of  the  square  prism  1  1  oo . 

Scheelite 
Twin  face  parallel  to  a  face  of  the  pyramid  1  oo  1. 

Caflsiterite  Fanjasite  Bntile  Scheelite 

Twin  face  parallel  to  a  face  of  the  pyramid  1  oo  3. 

BatUe 

Twin  face  parallel  to  a  face  of  the  pyramid  111. 

Hansmunnite  Tin  Towanite 

Twin  face  parallel  to  a  face  of  the  pyramid  113. 

Tin 


Fvrite 

Spiikeite 
Tennantite 


Pyrite 


Towanite 


Ankarite 

Cinnabar 

Hematite 

Qilcite 

Dolomite 

nmesite 

Ghabasite 

GmeUnite 

loe 

Twin  Crystals  Rhomb^Tieiral  Sytlem, 
Tw^LU  face  parallel  to  a  face  of  tlhe  basal  piaacoid  oo  oo  1. 

Lerine 
.  PjrmrifyrKlto 
<iiiarts 

Twin  face  parallel  to  a  faoe  of  the  hesagonal  prism  of  the  Aocoud  osdsr  1  1  oo 
Fhenaldte 

Twin  faoe  parallel  to  a  face  of  the  six-faced  pyramid  of  the  first  order  121. 
Quartz 

Twin  face  parallel  to  a  faoe  of  the  positive  rhomb(»d  -|-  R. 

Caloite  Corundum  Hematite  Quartz  Pyrargyrite 

Twin  fkce  parallel  to  a  face  of  i^  positive  rhomboid  +  i  E. 

Tetradymite  Pyrargyrite 

Twin  fiM»  paraHol  to  a  face  of  the  negative  rhomboid  —  ^  £. 

Ankcrite  Bismuth  Cbalybite 

Arsenic  Calcite  Dioptase 

Twin  fttce  paralld  to  a  fhco  of  I3ie  negative  ihomboid  —  2 IR. 
Caloite 
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The  following  figures  show  some  of  the  bevixtiful  fonaa  assnined  by  twin  crystals 
ofioeorsnow. 


Tirm  Crystali-^PrUmatie  System. 

Twin-face  parallel  to  a  face  of  the  macro-pinacoid  oo  1  oo. 

Wolfram. 
Twin-face  parallel  to  a  face  of  the  brachy-pinacoid  1  co  ». 

StruYite. 

Tw3n-f(K}e  parallel  tq  a  fa^  of  the  prism  of  the  1st  order  1  1  oo. 

Alfltonite.  Epistilbite.  Phillipsite. 

Antimonsilber.  Glaserite.  Bedruthite. 

Arafironite.  Harmotome.  Steinbergite. 

Boumonite.  Marcasite.  Stephanite. 

CeniMito.  MispickeL  Stromianito. 

Twin4isoe  pftrallel  to  a  face  of  the  prism  of  the  2ad«rder  1  oo  1. 

CteyMtoryL  LendhlUita.  lfai«anite. 

TwJM  imm  parallel  to  a  iiMe<rf  the  yrismof  Aa  2ad  ■order  1  «  |^ 


Stromejeritc. 
Salphar. 
Withertte. 
Zinckenite. 


Twin-face  parallel  to  a  face  of  the  prism  of  the  2nd  lozder  1  oo  2. 

NioUte. 
Twin-face  parallel  to  a  face  of  the  prism  of  the  2nd  order  1  oo  J. 

Wolfrim. 
Twin-face  parallel  to  a  face  of  the  prism  of  the  3rd  order  oo  1  1. 

Marcasite.  Mispickel.  flmifhsonite.  StUbite. 

Twin-face  parallel  to  a  face  of  t]ie  pyramid  cf  the  1st  class  1  1  j^* 

Rednithite.  StromeTerite. 

Twin-face  parallel  to  a  face  of  the  pwamid  of  the  2nd  class  1  ^  f . 

Staurolite. 

Ttom  Crystals^  Ohiigm  BysUm, 

Twin-face  parallel  to  a  face  of  the  basal  pinaeoid  oo  «d  1. 

Epidote.  Felspar.  Mirabnite. 

Twin-face  parallel  to  a  face  of  the  «rtho-pinacoid  1  oo  oo. 

Aemite.  Felspar.  Gypsum. 

Amphibole.  Feuerblenda.  Xinarite. 

AQffite.  Freiealebeaite.  Ifalaoliate. 

Epidote. 


iesite. 
YaaqneliBike. 
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Twin-fiMse  pandld  to  a  fiwe  of  tiie  pckm  3  1  ob. 
Twin-free  pandld  to  a  free  of  the  prism  1  ao  1. 


Twin-free  pandld  to  a  free  <tf  tiie  prism  1  ob  2. 


Twin-free  pandkl  to  a  free  of  the  prism  oo  1  1. 

WoolMloBite. 
Twin^free  pttaDd  to  a  free  of  the  prim  oo  1  2. 

Fd^ar.  Bb^acoiite. 

Ticm  CrgtUMU—JMorihie  SgUtm, 

Twin-free  paialkl  to  a  free  <tf  the  baaal-pinacoid  oo  oo  1. 

LiAradorite. 
Twin-free  parallel  to  a  free  of  the  macro-pinaooid  oo  1  oo. 

AlUte.  ChrktUiiite.  Lsbndorite.  Oligodaae. 

Twin-axis  perpendicular  to  the  plane  poanng  through  the  poles  of  the  fonna  1  1  oo\ 
oo  1  00,  and  1  1  00. 
Albite. 
Twin-axis  perpendicular  to  a  free  of  the  plane  passing  through  the  poles  of  the 
forms  00  00  1, 1  00  1,  and  1  oo  2. 
Albite.  Oligoelase. 

Twin-axis  perpendicular  to  a  free  of  the  plane  passing  throng^  the  poles  of  the 
fbrms  1  00  00, 1  1  00,  and  1 1  oe. 
SsMoUne. 

Pseudonunrphoiui  Crjrstals.-'Pseadomorphoas  crystals  are  those  which  pre- 
sent the  form  of  a  mineral  differing  from  that  of  which  they  are  composed.  Hiey 
may  be  produced  by  the  decomposition  of  the  crystal  after  it  has  been  fcnmed,  or  by 
another  substance  being  deposited  upon  it  so  as  to  assume  its  form.  Sometimes  after 
another  substance  has  been  deposited  on  a  crystal,  the  crystal  may  haye  beenzemoyed, 
and  a  third  mineral  deposited  in  its  cast. 

The  following  is  a  list  of  pseudomorphous  substances  quoted  by  Professor  KiUer 
from  Blum : — 

Ftendomorphoua  hy  Loss  of  an  Ingredient. 

Caldte        .       .       replacing  crystals  of  Oaylossite. 

Quartz „  Heulandite  and  Stilbite. 

Kyanite „  Andalosite. 

Steatite    •       .       .       *       .  „  Amphibole. 

Ck)pper „  Cuprite. 

Argentite „  Pyrargyrite. 

Pseudomorphous  by  the  Addition  of  an  Ingredient. 


Gypsum     .       .       replacing  crystals  of   Karstenite. 
'"^  Finite. 

Antimony. 

Galena. 

Magnetite. 

Hematite. 

Cuprite. 


Mica 

Yalentinite 

Anglesite  . 

Hematite  • 

Limonite  . 

Maliichite . 

Bomita  and  Towanite 


Redruthite. 
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JPMudotHorphout  hy  JBxehang$  of  Ingredients. 

replacing  crystals  of  Witherite  and  Barytooalcite. 

,  Caloite. 

,  GypsTun. 

,  Caloite. 

t  Datholite. 

,  Amphibole. 

,  Angite. 

,  Topaz,  Felspar,  and  Nepheline. 

,  Felspar,  Porzellanspath,  and  Leucite. 

,  Andaloslte,  Felspar,  Scapolite,  and  Tourmaline. 


Baryte    . 

Fluor  and  Gypsum 

Caloite      . 

Magnesite 

Calcedony 

Jasper 

Opal  and  Cimolite 

Lithomarge 

Kaolin 

Mica         . 

Mica,  Hardfahlunite,  Aspasio. 
lite,  Fahlunite,  Esmarkite, 
Bonsdorfite,  Chlorophyl- 
lite,  Weisaite,  PlaseoUte, 
Pyrargillite,  Gigantollite, 
and  Finite    .... 

Prelinite 

Talc 


SteaUte 


Serpentine       •       •       •       . 

Amphibole       .... 

Chlorite 

Pyrolusite,  Hausmannite,  Man- 
ganite,  Yalentinite,  Btibiolite, 
and  Kennes  .... 

Wismuthocker 

MitiinTH     ,         ,         .         ,         . 

Galena 

Pyromorphite  .... 

Cerussite 

Wulfenite        .... 
Hagnetite        .... 

Hematite 

Limonite 

Stilpnosiderite 

Fyrite 

Melanterite      .... 

Granerde         .... 

Fseudotriplite 

Wolfram  ."     . 

Erythrine        .... 

Eupferschvarze      • 

Kupferpecherz 

Coyeline 

Malachite        .... 
Chessylite        •       •       •       . 


Cordierite. 


and  Leonhardite. 
Ite,  Couzeranite,  Felspar, 


Analeine,  Mesot] 
( ChiastoUte,  Ky 
\     and  Pvrope. 

{Magnesite,    Spinelle,  Quartz,   Andalusite, 
Chiastolite,  Topaz,  Felspar,  Mica,  Scapo- 
lite,     Tourmaline.    Staurolite,    Garnet, 
Idocrase,  and  Augite. 
( Spinelle,  Mica,  Garnet,  Augite,  Chondrodite, 
(     Amphibole,  and  OliTine. 
Augite. 
Felspar,  Garnet,  and  Amphibole. 

I  Antimonite. 

Patrinite. 

Galena  and  Cerussite. 

Pyromorphite. 

Galena  and  Cerussite. 

Galena,  Anglesite,  Leadhillite. 

Galena. 

Chalybite. 
(Gdthite,     Fyrite,     Pharmacosiderite,  and 
S    ChalyUte. 

Maroaslte,  9korodite,  and  Chalybite. 

Yivianite. 

Mispickel. 

Pyrite. 

Augite. 

Triphyline. 

ScheeUte. 

Smaltite. 

Eedruthite. 

Towanite,  and  Fahlerz. 

Towanite. 

Chessylite,  Towanite,  and  Fahlerz. 

Fahlerz. 


Pseudomorphous  hy  total  Change  of  Suhttanee, 


Graphite 
Salt.        .       , 
Earstenite,  Gypsum,  and  Po- 
lyhalite         .       .       .       . 


Quartz     . 

Prasen  and  Eisenkiesel 

Chalcedony 

Camelian 
Homstone 
Semiopal  . 
Lithomarge     . 
Pyrite      . 


replacing  orystals  of   Pyrite. 

Magnesite. 


}Salt. 

{Baryte,  Fluor,  Gypsum,  Caloite,  Barytocal- 
cite,  Magnesite,  ScheeUte,  Galena,  Cerus. 
site.  Hematite,  Pyrite,  and  Chalybite. 
Calcite. 
'  (Baryte,   Fluor,   Calcite,   Magnesite,   and 
(     Pyromorphite. 
Caldte. 

Fluor,  Calcite,  Mica,  and  Chalybite. 
Calcite. 
Fluor. 
Quartz,  Stephanite,  and  Pyrargyrite. 
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Marcaffite       .        .    replacing  crystals  of    Pyrargyritc. 

Chalybite         ....  „  fiftrfte,  iVOoita,  asi  Magneaite. 

Calcite  and  CeruaaUe. 

Cenuaite. 

I  Calcite. 

MagTieaite. 
Hausmannito  and  Manganite  '^  Calcite. 

Baryte,  Fluor,  and  FharmaoOBiderite. 


Malachite 

Crraocolla        .        .        .        . 

Feidstine,   Meerschaum,   and 

Pyrolusito 
Pyrolusite 


Psilomelane 

Smithsonite 

Kaaaiterite 
Oerassite  . 
Stilpnosideritc 
Hematite 

Limonitc 


Pyrite 
lUroaalte 


( Fluor,   Calcite,    Magneaite,   Oateaa,    aad 
•*        (     Pyramorphlte, 
„  Felspar. 

„  Baryte  and  Fhior. 

„  Magnesite  and  Calamixw. 

„  Fluor  and  Calcite. 

!  Baryte,  Fluor,  Calotte,  Hagaedt^  Qnaita, 
Comptonitc,  Blende,   Oaiena,  Pyromor- 
phitc,  Ceruraite,  and  Cnprite. 
„  Baryte  and  Calcite. 

„  Fluor  and  Calcite. 

^rphiam  qf  dimorphoua  substances.  ' 


Caleite  .       .    replacing  crystals  of   Aragouite. 

Maroasite         ....  „  Pyrite. 

Pseudomorphism  after  organic  forms. 

Calcite,  Baryte,  Celestine,  Fluor,  Gypsum,  Quartz,  Opal,  Talc,  Pyrite,  Hematite, 
Limonite,  Chalybite,  Blende,  Oalena,  Cerussite,  Copper,  Towonite,  Bomite,  &ed- 
ruthite,  and  Cinnabar. 

Dimozphlsm. — Bodies  of  the  sune  chemical  composition,  wlii<^  oryitBllize  in  | 
forms  belonging  to  two  differex:^  systemi,  or  if  in  the  same  system  in  forms  which 
can  only  be  referred  to  two  diileront  sett  of  parameters,  which  will  be  xBdicaied  by 
their  having  different  angular  elements,  are  said  to  bo  dimorphous.  Sulphur  and  car- 
bonate of  lime  are  instances  of  dimorphovifl  substances,  the  system  of  crystailintion  to 
which  each  of  these  will  belong  seems  to  depend  upon  the  temperature  wA  widch  the 
crystal  is  formed.  Titanic  acid  is  tri-morphous,  as  Brookite  it  is  prismatic,  «•  Azxatase 
and  Rutile  it  is  pyramidal,  but  the  angalar  elements  of  Anatase  and  Butile  diffier. 

Isomosphism — Substances  fonxnag  crystals  belonging  to  the  same  «yitem,  if 
their  angular  elements  differ  but  a  few  xmmutes,  are  said  to  be  isomorphatUf  ^komamor- 
photts,  or  plesiomorphous.  Alumina,  red  oxide  of  iron,  and  oxide  of  chrome ;  car- 
bonates of  lime  (calcite),  of  magnesia  (magnesite),  of  protoxide  of  iron  (<MLybite),  of 
protoxide  of  manganese  (diaUogite),  of  oxide  of  zinc :  antimony,  bisnnxtli,  arsenic, 
and  tellurium  form  three  isomorphous  groups  of  the  rhombohedral  system.  Oazlwnatc 
of  lime  (aragonite),  of  barytes,  of  strontian,  and  of  oxide  of  lead ;  Sulphate  of  potaah, 
selcniate  of  potash,  6hromate  of  potash,  and  manganato  of  potash  ;  sulphate  of  soda, 
seleniate  of  soda,  sulphate  of  oxide  of  silver,  and  selemate  of  oxide  of  silver,  are  three 
isomorphous  groups  of  the  prismatic  system.  G^sum,  sulphate  of  iron,  and  seleniate 
of  iron  is  an  isomorphous  group  of  the  oblique  system.  Seleniate  of  oxide  of  copper, 
sulphate  of  oxide  of  oopper,  and  sulphate  of  protoxide  of  manganese  are  isomoiphous 
forms  of  the  anorthic  system. 

Any  chemical  elements  or  oomponnd  imbstances  which  will  replace  each  other  with- 
out altering  the  crystallographio  character  of  the  compound  in  which  the  change  takes 
place,  are  also  «aid  to  be  isomorphous.  Thus  in  the  garnets  and  alums,  iiwm,  oedciuoi, 
magnesium,  and  aluminium  replace  each  other,  and  are  therefore  said  to  be  isomor- 
phous. 
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mQmwmMimwmw^—hiStmmeJLta  whick  enaWe  us  to  detennine  xha  angks  st  which 
•diaceot  ftces  of  erystal.  m  indiiied  to  eaek  other,  aro  etIUd  0OHum$Ur4.  Profewor 
Milkr**  tocriptwi.  of  tha  method  of  uaiiig  then.  ha.Ti>g  W  ^vea  m  the  chemical 
dap«rtiii«trf  this  woii,w*h«ro  quote  Mr.  Brooke'i,  ftom  the  *^Enoycl(if«La  Metro- 


"  The  mutual  inclinatioii  of  any  two  planes,  as  of  ^  and  J,  Fig.  372,  u  i»difiated 
Wth«  m^  formed  by  two  lines,  #  d^  ./.dr«im  upon  them  from  any  pourt  •  on 
the  edMtlwhadk  they  meet,  and  perpMuListtlaB  to*  thttk  edge. 

^k  iTkn^^b^^  two  right  lin-,  ae^/,  rf^  Fig.  a7a€rei*  ^  other 
at  any  point  .,  the  opposite  angles  d  e  f,  9  c  h,  mo  equal.  If,  J^°'f  "'J^J*  ^ 
J/Va,  ««i»po.ed  ta  be  Tery  thm  and  .Tfow  plMes,  a»d  to  be  attached  tegether 


Fig.  872. 


Fip.  373. 


Fig.  874. 


by  a  pin  at  ^,  serving  'as  an  axis  to  permit  the  point,  /,  to  bo  brought  nearer  either  to 
rf,  or  to  A,  and  that  the  edges,  e  dj  efy  of  those  plates,  aro  applied  to  the  planes  of  the 
crystal,  Fig.  372,  so  as  to  rest  upon  the  lines,  «  rf,  «/,  it  is  obrious  that  the  angle, 
g  eh,  of  the  moToablo  plates  would  bo  exactly  equal  to  the  angle,  d  e  ff  of  the 
crystal. 

**  The  common  goniometer  is  a  small  instrument  for  measuring  this  angle, ^  e  h,  of 
the  moveable  plates.  It  consists  of  a  semicircle,  Fig.  374,  divided  into  360  equal 
parts,  or  half  degrees,  and  a  pair  of  moveable  arms,  d  A,  g  f,  Fig.  375,  the  semicircle 
having  a  pin  at  t,  which  fits  into  a  hole  in  the  moveable  arms  at  e, 

*<  The  method  of  using  this  instrument  is  to  apply  the  edges,  d  «,  « /,  of  the  move- 
able aims  to  the  two  adjacent  planes  of  any  crystals,  so  that  they  shall  actually  touch 
Of  rest  upon  those  planes  in  directions  perpmdicular  to  their  tdgt.     The  arm,  d  h,  is 


Fif.875v 


Figr.  878. 


then  to  be  laid  on  the  plate,,  m  m,  of  the  lettttdiole,  Fig.  374,  the  hole  «i  e  being 
•nfBered  to  drop  on  the.pitt  at  •',  andtho  edgeseerestto  A  of  the  annp#  will  thco  iadi- 
oate  on  th*  sonudrole^  as  in  Fig.  876,.  the  suaiber  of  degress  which  the  measured 

angle  contains. 
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*'  When  this  instmment  is  applied  to  the  planes  of  a  cryBtal,  the  poiiitB,  d  and/, 
Fig.  375,  should  be  preyionsly  brought  sufficiently  near  togetiier  for  the  edges,  d  e,  ef, 
to  form  a  more  acute  ang^e  than  that  about  to  be  measured.  The  edges  being  then 
gently  pressed  upon  the  crystal,  the  points,  d  and/,  wiU  be  gradually  separated,  untQ 
the  edges  coincide  so  accurately  with  the  planes  that  no  light  can  be  pcKoeiTed 
between  them. 

«  The  common  goniometer  is,  howeyer,  incapable  of  affording  very  precise  results, 
owing  to  the  occasional  imperfection  of  the  planes  of  crystals,  their  frequent  minute- 
ness, and  the  difficulty  of  applying  the  instrument  with  the  requisite  degree  of 
precision. 

<<  The  more  perfect  instrument,  and  one  of  the  highest  value  to  crystallography,  ii 
the  reflecting  goniometer,  invented  by  Dr.  WoUaston,  which  will  give  the  inclinatioii 
of  planes  whose  area  is  less  than  iq^oqq  of  an  inch,  to  less  than  a  minute  of  a  degree. 
This  instrument  has  been  less  resorted  to  than  might,  from  its  importance  to  tlie 
science,  have  been  expected,  owing,  perhaps,  to  an  opinion  of  its  use  being  attended 
with  some  difficulty.  But  the  observance  of  simple  rules  wiU  render  its  application 
easy.    The  principle  of  the  instrument  may  be  thus  explained : — 

'<  Let  a  hj  Fig.  377  represent  a  crystal,  of  which  one  plane  only  is  visible  in  the 
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Fig.  377.  Fig.  378. 

figure,  attached  to  a  circle,  graduated  on  its  edge,  and  moveable  on  its  axis  at  o ;  and 
let  a  and  b  mark  the  position  of  the  two  planes  whose  mutual  inclination  is  required. 

"  And  let  the  lines,  o  e,  o  ffy  represent  imaginary  lines,  resting  on  those  planes  in 
directions  perpendicular  to  their  common  edge,  and  the  dots  at  t  and  A,  some  permanent 
marks  in  a  Une  with  the  centre,  o.  « 

''Let  the  circle  be  in  such  a  position  that  the  line,  o  «,  would  pass  through  the  dot 
at  A,  if  extended  in  that  direction,  as  in  Fig.  378. 

"  If  the  circle  now  be  turned  round  with  its  attached  crystal,  as  in  Fig.  377,  until 
the  imaginary  line,  o  ^,  is  brought  into  the  position  of  the  line,  o  6,  in  Fig.  378,  the 
number  120  will  stand  opposite  the  dot  at «.  This  is  the  number  of  degrees  at  which 
the  planes  a  and  b  incline  to  each  other.  For  if  the  line  o  ^  be  extended  in  the 
direction  o  «,  as  in  Fig.  377,  it  is  obvious  that  the  lines,  oe,o  i,  which  are  perpen- 
dicular to  the  common  edge  of  the  planes,  a  and  b,  would  intercept  exactly  120"  of 
the  circle. 

"  Hence  an  instrument  constructed  upon  the  principle  of  these  diagrams  is  capable 
of  giving  with  accuracy  the  mutual  inclination  of  any  two  plaices  which  reflect  objects 
with  sufficient  distinctness,  if  the  means  can  be  found  for  placing  them  successively  in 
/  the  relative  positions  shown  in  the  two  preceding  figures. 
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''This  pxnpote  is  e£f(Boted  by  causing  an  object,  as  the  line  at  m  (Fig.  379),  to  be* 
reflected  soooessiTely  from  the  two  planes,  a  and  bf  at  the  same  angle.  It  is  well 
known  that  the  images  of  objects  are  reflected  from  bright  planes  at  the  same  angle 
as  that  at  which  their  rays  fall  on  those  planes ;  and  that  when  the  image  of  an 
object  reflected  from  a  horizontal  plane  is  obseryed,  it  appears  so  much  below  the 
reflecting  surface  as  the  object  itself  is  above. 

''If,  therefore,  the  planes  a  and  b  (Fig.  879)  are  successiyely  brought  into 
such  positions  as  will  cause  the  reflection  of  the  line  at  m,  from  each  plane,  to 


Fig.  379. 


Fig.  880. 


appear  to  coincide  with  another  line  at  n,  both  planes  will  be  successively  placed  in  the 
relative  positions  of  the  corresponding  planes  in  Figs.  377  and  378.  To  bring  the 
planes  of  any  crystal  successiyely  into  these  relative  positions,  the  following  directions 
▼ill  be  found  useful. 

"  The  instrument,  as  shown  in  the  sketch  (Fig.  880)  should  be  first  placed  on  a 
pyramidal  stand,  and  the  stand  on  a  small  steady  table,  about  six  to  ten  or  twelve  feet 
from  a  flat  window.  The  graduated  circular  plate  should  stand  perpendicularly  from 
the  window,  the  pin  GH  being  horizontal,  not  in  the  direction  of  the  axis,  as  it  is 
usually  figured,  but  with  the  slit  end  nearest  to  the  eye. 

'<  Place  the  crystal  which  is  to  be  measured  on  the  table,  resting  on  one  of  the  two 
planes  whose  inclination  is  required,  and  with  the  edge,  at  which  those  planes  meet, 
nearest  and  parallel  to  the  window. 

'<  Attach  a  portion  of  wax,  about  the  size  of  d^  to  one  side  of  a  small  brass  plate,  0 

(Fig.  381) ;  lay  the  plate  on  the  table  with  the  edge,/, 

parallel  to  the  window,  the  side  to  which  the  wax  is 

\      attached  being  uppermost,  and  press  the  end  of  the  wax 

— -^    against  the  crystal  until  it  adheres ;  then  lift  the  plate 

with  its  attached  crystal,  and  place  it  in  the  slit  of  the  pin 

GH,  with  that  side  uppermost  which  rested  on  the  table. 

'*  Bring  the  eye  now  so  near  the  crystal,  as,  without  perceiving  the  crystal  itself,  to 

lemdt  the  images  of  objects  reflected  from  its  planes  to  be  distinctly  observed,  and 

laiBe  ox  low'er  that  end  of  the  pinGH  which  has  the  small  circular  ^latA<ra.^^^a)^^^f^^'^ 


^^^^ 


^^x 


Hg.  S81. 
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the  horizontal  upper  hars  of  tho  Yindow  is  seen  reflected  from  the  upper  or  fiirt  pkne 
of  the  crystal,  corresponding  vith  the  plane  a  (JPig.  S77)y  and  mtil  the  image  of  fte 
har  appears  to  touch  some  lime  boloir  the  vindoY^  as  the  edge  e{  tiie  dditiBg-board 
where  it  joins  the  floor. 

^^  Tnni  the  pin  GH  on  its  own  axis  alsoy  if  neoessaryy  until  tke  itAsctsd  image  el  tiie 
bar  of  the  window  coincides  accurately  with  the  obserred  line  below  tim  wiad»w. 

«<  Turn  now  the  small  eircidar  handle,  S^  on  ite  azis^  until  the  same  bar  of  the  win- 
dow i^ppears  reflected  from  the  second  pkne  of  the  erystal  correspondang  with  plaae  i 
(Figs.  377  and  378),  and  until  it  appears  to  touch  the  line  below ;  and  having,  in 
adjusting  the^«^  plane,  turned  the  pin  GH  on  its  axia^  to  bring  the  reflected  image  of 
the  bar  of  tba  window  to  coincide  accurately  with  the  line  below,  now  move  the  hwr 
etid  of  the  pm  laterdUy,  either  towards  or  from  the  instrument,  in  order  to  make  the 
image  of  the  ifome  bar,  reflected  from  the  second  plane,  coincide  with  the  same  Unc 
below. 

"  Haying  ascertaiaed  by  repeatedly  looking  at,  and  adjusting  both  planes,  that  flie 
image  of  the  horizontal  bar,  reflected  successively  from  each  plane,  coincides  with  the 
observed  lower  line,  the  crystal  may  be  considered  ready  foi  measurement. 

"  Let  the  180°  on  the  graduated  circle  be  now  brought  opposite  the  0  of  the  vender 
at  L,  by  tuning  the  handle,  M ;  and  while  the  circle  is  retained  accurately  in  tkis 
position,  brnig  the  reflected  image  of  the  bar  from  the  Jirat  piano  to  coincide  with  the 
line  below,  l^  turning  the  small  circular  handle,  S.  Now  turn  the  graduated  circle, 
by  means  of  the  handle,  M,  until  the  image  of  the  bar,  reflected  from  the  second  plane, 
is  also  observed  to  coincide  with  the  same  line  below.  In  this  state  of  the  instrument 
the  vernier  at  L  will  indicate  the  degrees  and  minutes  at  which  the  two  planes  are 
inclined  to  each  other. 

"  The  accuracy  of  the  measurements  taken  with  this  instrument  will  depend  upon 
the  precision  with  which  the  image  of  the  bar,  reflected  sneceesiTely  fh>m  bothi  p]MB> 
ifi  made  to  appear  to  coincide  with  the  same  line  below ;  and  also  upon  the  (^  or  tte 
180°,  on  the  graduated  circle,  being  made  to  stand  precisely  •▼en  witkthe  lowsr  Ym 
of  the  vernier,  when  the  first  plane  of  the  crystal  is  adjusted  for  measnremeBt.  A 
wire  being  placed  horizontally  between  two  upper  bora  of  the  window,  and  a  Utek 
line  of  the  same,  thickness  being  drawn  parallel  to  it  below  the  wiadow,  will  cealidNite 
to  the  exactness  of  the  measurement,  by  being  used  instead  et  the  b«r  ef  th»  wii^ 
and  any  other  line. 

*^  Persons  beginning  to  use  this  instnunent  are  recommended  to  apply  k.  AsltitiK 
measurement  of  fragments  at  least  as  large  as  that  represented  in  Fig.  891,  andl  ef  tarn 
substanee  whose  planes  are  bright.  Crystals  of  carbonate  of  lime  will  nf^y  gM^ 
fragments  for  this  purpose,  if  they  are  merely  broken  by  »  ahghi  bfew  «f  %  saaU 
hammer. 

'^  For  accurate  measurement,  however,  the  fragments  ought  not,  when  the  planes 
are  bright,  to  exceed  the  size  of  that  shown  in  Fig.  380,  and  they  ought  to  be  ao  ^actd 
on  the  instrument,  that  a  line  passing  through  its  axis  should  also  pass  throoj^  the 
centre  of  the  small  minute  fragment  which  is  to  be  measured.  This  position  on  fhe 
instrument  ought  also  to  bo  attended  to  when  the  fragments  of  crystal  are  large.  In 
which  case  the  common  edge  of  the  two  planes,  whose  inclination  is  required,  shoiild 
be  brought  very  nearly  to  coincide  with  the  axis  of  the  goniooiiter ;  «ui  it  is  fre- 
quently useful  to  blacken  the  whole  of  the  planes  to  be  awasured^  w—pt  • 
stripe  on  each  close  to  the  edge  oyer  which  the  measurement  ia  to  be  Wam,^ 
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MINERALOGY. 

The  Boience  whicli  enables  us  to  classify  and  anange  those  inorganic  productions 
of  nature  which  are  called  minerals,  and  enables  us  to  identify  or  distinguish  them 
from  one  another,  is  termed  mineralogy. 

Minerals — By  the  word  mineral  we  understand  all  substances  found  in  nature, 
which  are  homogeneous  or  of  the  same  composition  throughout  their  structure,  and  do 
not  owe  their  origin  to  the  action  of  animal  or  yegetable  life.  This  definition  excludes 
all  rocks  which  are  yariable  in  their  character  and  composition,  as  well  as  all  sub- 
stances,  such  as  coal,  which  are  products  of  yegetable  life.  Some  of  these  are  retained 
in  most  descriptions  of  minerals  though  they  do  not  strictly  belong  to  the  subject  of 
mineralogy. 

Species  of  BXinerals.— The  yarious  members  of  the  mineral  kingdom  which 
essentially  differ  from  one  another  are  diyided  iato  kinds  or  species.  By  far  the 
majority  of  mineral  substances  are  found  to  assume  definite  mathematical  forms, 
bounded,  for  the  most  part,  by  plane  surfaces  and  straight  lines— these  are  called  erps- 
tals.  The  subject  of  crystallography  we  haye  already  discussed  at  some  length,  par- 
ticularly in  its  relation  to  minerals.  Grenerally  speaking,  substances  which  differ  in 
chemical  composition  from  other  substances  constitute  distinct  mineral  species ;  again, 
substances  which  agree  in  chemical  constitution,  but  differ  in  the  character  of  their 
crystalline  forms,  are  diyided  into  separate  mincralbgical  species.  Thus  natiye  gold, 
silyer,  and  copper,  which  haye  the  same  crystalline  forms,  but  differ  in  chemical  com- 
position, giye  three  distinct  species  of  minerals.  Calcite  and  aragonite, — ^which  haye 
the  same  chemical  composition,  being  both  carbonate  of  lime,  but  present  different 
kinds  of  crystalline  forms,  one  series  belonging  to  the  rhomboidal  and  the  other  to  the 
prismatic  system, — constitute  two  distinct  species.  Difference  in  chemical  composition, 
independently  of  crystalline  form,  or  difference  in  the  class  of  crystalline  form,  while 
the  chemical  composition  remains  the  same,  principally  determine  the  diyision  of 
minerals  into  species.  This  rule  does  not  hold  tine  uniyersally,  for  some  bodies  admit 
of  considerable  change  in  their  chemical  composition  without  affecting  their  form  and 
many  other  properties^— seyeral  classes  of  such  substances,  of  which  the  garnets  and 
alums  may  be  taken  as  an  illustration,  haye  by  the  common  consent  of  mineralogists 
been  considered  as  similar  species,  though  Bering  from  one  another  in  chemical 
composition. 

CharactexUtlcs  of  ZVIinerals, — The  crystalline  form  and  chemical  constitution 
of  minerals  are  the  principal  characteristics  by  which,  when  known,  their  species  and 
names  may  be  discoyered.  Though  these,  in  general,  are  sufficient  for  the  identifi- 
cation of  a  mineral ;  yet,  when  the  crystalline  form  is  not  apparent,  or  the  chemical 
constitution  determined  without  great  trouble,  there  are  many  other  characteristics 
which  will  enable  us  to  describe  and  identify  the  species.  The  chief  of  these  are  the 
hardness,  specific  grayity,  fracture,  lustre,  colour,  brittleness,  flexibility,  malleability, 
taste,  smell,  and  other  natural  properties  of  the  substance.  Sometimes  the  optical  and 
electrical  properties  afford  assistance. 
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Crystalline  Foxm. — ^This  subject  has  already  been  discussed  at  such  consider- 
able length,  that  it  is  unnecessary  to  say  anything  more  here  than  to  quote  from 
Dana  that,  **  To  Icam  to  distinguish  minerals  by  their  colour,  weight,  and  lustre,  is 
so  far  yery  well ;  but  the  accomplishment  is  of  a  low  degree  of  merit,  and  when  most 
perfect  makes  but  a  poor  mineralogist.  But  when  the  science  is  yiewed  in  the  light 
of  chemistry  and  crystallography,  it  becomes  a  branch  of  knowledge  perfect  in  itself 
and  surprisingly  beautiful  in  its  exhibitions  of  truth.  We  are  no  longer  dealing  with 
pebbles  of  pretty  shapes  and  tints,  but  with  objects  modelled  by  a  diTine  hand,  and 
eyery  additional  fact  becomes  to  the  mind  a  new  reyelation  of  His  wisdonL" 

Chemical  Composition. — There  are  sixty-two  or  sixty-three  elementary  bodies 
known  (See  Chemistby,  page  29) ;  all  species  of  minerals  are  formed  by  some  one  of 
these  elements,  or  else  result  from  their  combinations.  The  following  is  a  list  of 
their  symbols  and  chemical  equiyalents : — 


Ag,  Argentum  (silver)        .       .       .  1349*01 

Al,  Alominiam 170-42 

As,  Arsenic 936*48 

Au,  Aurum  (gold)       ....  2456-72 

Ba,  Barium 854*85 

Bi,  Bismuth 2660*75 

B,  Boran 136*31 

Br,  Bromine 999*63 

Cd,  Cadmium 696*77 

Ca,  Calcium 250*00 

C,  Carbon 75*00 

Ce,  Cerium 590*80 

CI,  Chlorine 443*20 

Cr,  Chrome 349*83 

Co,  Cobalt 868*44 

Cu,  Cuprum  (copper) ....    896*00 

D,  Didymium 620*00 

Do,  Donorlum 

£,  Erbium 

Fe,  Perrum  (iron)       ....    350*06 
F,  Fluorine 235*71 

0,  Olucinium 58*08 

H,  Hydrogen 12*50 

Hg,  Hydrargyrum  (mercury)    .       .  1250*80 

1,  Iodine 1385*57 

Ir,  Iridium  • 1232*00 

K,  Kalium  (potasaium)       .       .       .    488*94 

La,  Lanthanium 588*00 

L,  Lithium 81*85 

Mg,  Magnesium 157*75 

Mn,  Manganese 344*44 

Mo,  Molybdenum        •       •       .       .    596*10 


Na,  Natrium  (sodium)        .       .       •    287*17 

Ni,  Nickel 869*14 

Nb,  Niobium 

N,  Nitrogen 175*25 

Nr,  Norium 

Os,  Osmium 1242*60 

O,  Oxygen 100*00 

Pb,  Plumbum  (lead)    ....  1294*50 

Pd,  Palladium 668*54 

PI,  PeJopium 

P,  Phosphorus 891*55 

Pt,  Platinum 1283  50 

B,  Bhodium 652*00 

Rt,  Buthenium 

Se,  Selenium 495*80 

Si,  SiUcon m-OS 

Sr,  Strontium 545*60 

S,  Sulphur 200*00 

Sb.  Stibium  (antimony)       .        .       .  1612*90 
Sn,  Stannium  (tin)      ....    735*30 

Ta,  Tantalum 1148*40 

Te,  Tellurium 801*80 

Tr,  Terbium 

Th,  Thorium 743*90 

Ti,  Titanium 801*60 

U,  Uranium 742*90 

Ya,  Yanadium 856*90 

W,  Wolfram  (scheelium)    .        .       .  1188*40 

Y,  Yttrium 402*50 

Zn.  Zinc 406*60 

Zr,  Zirconium 281*10 


The  letters  or  symbols  placed  before  these  elementary  bodies  enable  us  to  ezpMB 
with  great  conciseness  the  chemical  composition  of  any  mineral,  and  the  nuio^® 
whioh  follow  them,  to  determine  the  comparatiye  weights  of  its  component  elemflEts. 

Thus,  ZnO  represents  the  red  oxide  of  zinc,  spartalite^  consisting  of  one  eqaifila^ 
of  line  and  one  of  oxygen. 

FeS-,  iron  pyrites  consisting  of  one  equiyalent  of  iron  and  two  eqmTtleDtsof 
sulphur. 
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Fe^O^  the  red  oxide  of  iron  or  hematite^  consifiting  of  two  equivalents  of  iron  ftnd 
three  of  oxygen. 

AsO%  arsenio  acid,  consisting  of  one  equivalent  of  arsenic  and  five  equivalents  of 
oxygen. 

no,  water  consisting  of  one  equivalent  of  hydrogen  and  one  of  water. 

Phannacosiderite,  an  arseniato  of  iron,  is  represented  by  the  more  complex  symbol 
SFe'O^  +  2AsO*  +  12H0,  showing  that  it  consists  of  3  equivalents  of  red  oxide  of 
iron,  2  of  arsenic  acid,  and  12  of  water.  The  following  formula)  will  show  the  relative 
weights  of  the  constituents  of  the  above  substances. 

Spartalite.  Iron  Pyritei. 

Ztt  =  1  cquiT,  of  Zinc  =  406*60  or  80*26  Fe  =  1  equiv.  of  Iron  =  350*00  or  46*67 

0=1       „       Oxygen     =  100.00       19*74  S«  =  2       „        Sulphur        =  400*00       63*30 

ZnO=l       „       Spartalite  =  506*60      10000       FeS*  =  1       „       IronPyritea  =  760*00     100*00 

The  first  column  is  obtained  by  multiplying  the  equivalent  number  of  the  elements 
by  the  number  of  its  equivalents  in  the  substance,  and  shows  that  606*60  parts  by 
weight  of  spartalite  contain  40660  parts  of  zinc  and  100  parts  of  oxygen,  or  that  760 
parts  of  iron  pyrites  contain  360  parts  of  iron  and  400  of  sulphur. 

The  second  column  shows  that  100  parts  by  weight  of  spartalite  contain  80*26  parts 
of  zinc  and  19*74  of  oxygen;  and  100  parts  of  iron  pyrites  contain  46*67  of  iron  and 
53*30  of  sulphur.  This  column  is  found  by  multiplying  the  number  for  the  zinc, 
oxygen,  iron,  or  sulphur  of  the  first  column  by  100  and  dividing  it  by  the  equivalent 
number  for  the  substance,  thus, 

406-60  X  100_on.o^    10000  X100_,^.>,,    350  X  100 _  400X100_,,,, 

606-60       =^^^^         506*60       -^^^^         750       ^^^  ^^         760       =^^'^Q 

To  determine  the  relative  weights  of  the  constituents  of  phannacosiderite  we  have 
the  following  calculations : — 

Fe2  =    700-00 
O*  =    3000« 

Fe«0»  =  1000*00 
3 

8re*0«  =  3000*00 

3Fe20»  =    3  equivalents  of  the  Red  oxide  of  Iron  =  3000*00  or    41*53 
2ArO*  =2  „  „  Arsenio  acid  =  3972*96         39-78 

12HO  =  12  „  „  Water  =  1350*00  18'69 

1  „  „  Phannacosiderite    =  8322*96       100*00 

There  are  two  methods  of  investigating  the  chemical  composition  of  a  mineral— 
the  qualitative  and  the  quantitative.  The  qualitative  analysis  determines  the  nature 
of  the  constituents,  and  the  quantitative  their  relative  proportions.  For  the  method  of 
conducting  these  analyses  wo  must  refer  the  student  to  the  science  of  chemistry,  con- 
tenting ourselves  with  expressing  the  chemical  composition  of  the  mineral  in  symbols, 
according  to  the  best  'authorities,  and  indicating  after  the  letter  B  whether  ihej  are 
fusible  or  not  before  the  blowpipe,  and  also  whether  they  are  soluble  or  insoluble 
in  acids. 

Bazdnesfl. — The  comparative  hardness  of  minerals  is  of  great  assistance  in 
determining  their  species,  and  it  is  a  matter  of  great  regret  that  this  important  pro- 


As 
0» 
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12*50 
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112-50 
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perty  has  not  been  more  accurately  observed.    The  following  scale  introduced  by  Mobs 
is  that  generally  adopted  for  indicating  the  hardness  of  minerals  : — 

1.  Talc.  3.  Calcite.    5.  Apatite.     7.  Quartz.    '  9.  CovmrDxru. 

2.  EocK  Salt.    4.  Fluor.       6.  Felspar.     8.  Topaz.       10.  Dlamonb. 

The  specimens  of  the  above  minerals  used  for  testing  the  hardness  of  other  minerals 
are  generally  fragments  of  transparent  or  cleavable  varieties. 

The  hardness  of  talc  is  said  to  be  1,  of  rock  salt  2,  of  calcite  3,  and  so  on.  A 
mineral  which  neither  scratches  nor  is  scratched  by  any  member  of  the  series  is  said  to 
be  of  the  same  hardness.  Thus,  a  mineral  which  neither  scratches  nor  is  scratched 
by  quartz  is  said  to  be  of  the  hardness  of  7,  generally  indicated  thus,  H  7.  A  mineral 
which  scratches  calcite,  and  is  scratched  by  fluor,  is  said  to  be  of  a  degree  of  hardness 
between  3  and  4,  which  is  indicated  by  3'25,  3*5,  or  3*75,  according  as  it  is  regarded 
as  J,  if  or  i  harder  than  calcite,  No.  3.  To  ascertain  these  fractional  degrees  of 
hardness  the  three  minerals  are  passed  successively  over  a  finely-out  hard  steel  file, 
one  end  of  the  file  being  held  by  the  hand,  while  the  other  rests  on  a  tabic.  The 
degree  of  hardness  of  the  intermediate  substance  is  determined  by  observing  the  degree 
of  resistance  it  affords  to  the  file,  the  quantity  of  powder  left  on  its  surface,  and  the 
sound  produced  by  the  operation.  Care  must  be  taken  to  use  specimens  nearly  of  the 
same  form  and  size,  and  also  of  great  purity. 

Streak.— This  is  a  property  examined  by  scratching  the  mineral  by  a  substance 
harder  than  itself,  or  when  it  is  not  too  hard,  by  rubbing  it  on  a  piece  of  unglazed 
porcelain.  A  writing  diamond  will  scratch  all  other  minerals ;  but  a  fragment  of 
corundum,  quartz,  or  a  hard  steel  point,  will  be  sufficient  for  most.  The  scratch 
may  be  a  rough  or  smooth  line,  and  it  may  be  accompanied  by  the  powder  of  the 
mineral. 

The  colour  of  this  powder  determines  the  colour  of  the  streak,  and  it  is  distinguished 
as  shining  or  dull,  according  as  the  scratch  is  of  a  greater  or  less  lustre  than  the  sur- 
face of  the  mineral  scratched. 

Specific  OraTity. — Equal  volumes  of  different  substances  are  frequently  found 
to  differ  in  their  weights.  To  determine  the  relative  weights,  or  the  specific  gravity 
of  equal  volumes  of  substances,  distilled  water  at  a  temperature  of  60°  of  Fahrenheit, 
or  15'55^  centrigrade,  is  taken  as  the  standard  imit  of  comparison.  As  it  would  be 
extremely  difficult  to  obtain  equal  volumes  of  the  substances  whose  specific  gravity  is 

required,  advantage  is  taken  of  the  hydro- 
statical  propeirty,  that  a  body  immersed  in 
water  displaces  a  mass  of  water  equal  in 
volume  to  itself,  and  has  its  weight  diminished 
by  that  of  the  equal  volume  of  water  it  dis- 
places. The  specijie  gravity  of  a  body  being 
the  ratio  of  its  weight  to  an  equal  volume  of 
distilled  water  at  the  temperature  of  60"* 
Fif •  882.  Fah.,  all  we  have  to  do  to  determine  it,  is 

to  weigh  the  substances  first  in  air,  and  then  in  distilled  water  at  60°  Fah.    For  this 
purpose  the  hydrostatic  balance  (Fig.  382)  is  made  use  of. 

The  hydrostatic  balance  is  an  ordinary  balance,  the  scale  pan  of  which,  is  removed 
from  one  side,  and  replaced  by  a  counterpoise  by  which  balances  the  other  scale  pan ; 
under  b  ia  placed  a  hook,  to  which  the  substance  to  be  weighed  is  suspended  by  a  fine 
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fibre  or  platinum  wire.  For  accurate  experiments  the  balance  should  be  sufficiently 
delicate  to  'weigh  to  the  one-hundredth  part  of  a  grain.  Let  A  be  the  weight  of  the 
substance  in  air,  "W  its  apparent  weight  when  suspended  in  water,  and  S  G  its  specific 
gravity — then : 

When  great  accuracy  is  required,  it  may  be  necessary  to  take  into  account  the  weight 
of  the  mass  of  air  displaced  by  the  body  when  weighed  in  air.  Since  water  is  815 
times  heavier  than  air,  we  must  subtract  from  the  specific  gravity  obtained  above — 

W 

815  (A  -  W) 

Thus  in  a  specimen  of  cordierite,  whose  weight  in  air  is  311-91  grains,  weight  in 
water  195*46  grains. 

If  we  take  into  account  the  weight  of  the  air  displaced  when  it  is  weighed  in  air,  we 
must  deduct  from  the  above — 

19^-^6 002 

815  X  (311-91  -  195-46)  "" 

which  makes  the  corrected  specific  gravity  2*676.  The  bubbles  of  air  which  attach 
themselves  to  the  surface  of  the  mineral  when  suspended  in  water,  are  removed  by 
boiling  the  water  in  which  it  is  suspended  briskly  for  some  minutes,  the  whole  being 
left  to  cool  down  to  the  temperature  of  60"*  Fah. 

If  the  mineral  be  so  light  as  to  fioat  on  the  water,  a  sinker  of  brass,  or  some  other 
substance  whose  apparent  weight  when  suspended  by  itself  in  the  distilled  water  is  B, 
is  attached  to  it,  so  as  to  cause  it  to  sink. 

Let  A  be  the  weight  of  the  light  mineral,  B  that  of  the  sinker  suspended  by  itself 
in  the  distilled  water,  C  the  weight  of  A  and  B  when  suspended  in  the  water  together ; 
then  in  this  case 

Thus,  to  find  the  specific  gravity  of  a  substance  which  weighs  20  grains  in  air,  it  is 

sunk  by  a  weight  which  weighs  87*22  grains  when  immersed  by  itself  in  water ;  the 

two  substances  being  suspended  in  the  water  together,  weigh  23*89  grains.    In  this 

case 

S  r  -  20  _  J0_  -  .210 

20  +  87-22  -  23-89  "~  83*33  "" 

If  the  mineral  can  only  be  obtained  in  small  fragments,  or  if  it  be  supposed  to  con- 
tain vacuities  it  must  be  reduced  to  fine  powder,  and  the  specific  gravity  bottle 
(Fig.  383)  made  use  of.  This  instrument  is  equally  applicable  for  the  determination 
of  the  specific  gravity  of  solids  or  fiuids.  It  consists  of  a  thin  glass  bottle  of  a  globu- 
lar shape,  and  is  generally  made  to  contain  either  500  or  1,000  grains  of  distilled 
water  at  60°  Fah,  It  is  furnished  with  a  ground  glass  stopper  which  is  pierced  through 
the  centre  with  a  straight  hole  of  very  fine  bore.     The  object  of  this  is.,  that  "^bAXL 
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the  bottle  is  filled  up  to  tho  neck  with  water  or  any  other  liquid,  the  stopper  may  be 
inserted,  and,  tho  excess  of  liquid  escaping  through  the  hole  in  tho  stopper,  tho  bottle 
may  be  filled  with  a  definite  volumo  of  liquid.  Suppose  our  object 
is  to  find  the  specific  gravity  of  a  liquid,  and  that  we  use  a  1,000 
grain  bottle,  wo  proceed  as  follows :  — Having  placed  tho  empty 
bottle  in  one  pan  of  a  balance,  wc  counterpoise  it  by  a  weight  in  the 
other ;  we  then  fill  the  bottle  with  the  liquid  at  60"*  Fah.  in  the  way 
described,  wipe  it  dry,  replace  it  in  the  scales  and  restore  the  equi- 
librium by  adding  moro  weights.  The  weight  added  is  evidently 
that  of  tho  liquid,  but  as  the  same  volumo  of  water  at  60'  weighs 
1,000  grs.,  if  the  bottle  bo  accurately  made,  the  specific  gravity  of  the 
'^''       '  liquid  is  equal  to  its  weight  expressed  in  grains  divided  by  1,000.   Aa 

the  bottles  arc  seldom  made  with  such  accuracy  as  to  contain  exactly  the  right  quantity 
of  water,  let  TV  be  the  weight  of  bottle  full  of  air,  "W'  its  weight  filled  with  distilled 
water  at  60"^  Fall.,  then  making  an  allowance  for  the  weight  of  the  air  contained  in  the 
bottle,  the  weight  of  the  water  contained  in  tho  bottle  will  bo 

814" 

and  tiie  weight  of  tho  bottle  will  be  the  difference  between  this  quantity  and  W.  A 
piece  of  lead  equal  to  this  must  be  cut  and  kept  as  a  counterpoise  for  the  bottle.  If  a 
bottle,  which  has  thus  been  found  to  contain  600*72  grains  of  water,  be  counterpoised 
by  a  piece  of  lead,  and  filled  with  sea  water  weighs  616*86  grains,  the  specific  gravity 

of  the  sea  water  will  bo  ,^-7r-=v  or  1032. 
600*72 

To  determine  the  specific  gravity  of  a  powdered  mineral,  a  known  weight  M  of  the 
substance  is  introduced  into  the  specific  gravity  bottle,  which  is  then  carefully  filled 
with  water  and  weighed. 

Let  M  be  the  weight  of  tho  mineral  introduced. 

M'  the  weight  of  the  water  it  displaces  in  the  bottle. 
w  the  weight  of  the  water  which  the  bottle  would  contain  when  fuD. 
W  the  weight  of  the  bottle  filled  with  the  mineral  and  water,  the  lead  counter- 
poise for  the  weight  of  the  bottle  itself  being  in  the  opposite  scale. 

Then  the  specific  gravity  of  the  substance  =  j^, 

and  W  =  w  +  M  — M',  or,  M'  =  w  +  M  —  W 

and  therefore  SG  = ^7 ==. 

w  H-  M  —  W 

Let  86*02  grains  of  a  mineral  be  introduced  into  a  bottle  formed  to  contain  600*72 
grains  of  water,  and  the  bottle  filled  with  distilled  water,  let  it  then  weigh  654'74  grains. 

"-"««  =  50072 +  86-02 -554-74  =  ''''■ 

Hicholaon's  Ajreometex. — A  cheap  and  convenient  substitute  for  the  balance  U 
found  in  a  little  instrument  represented  in  Fig.  384,  and  called  NiehoUof^B  Areometer^ 
which  we  will  briefly  describe.  V  is  a  metallic  ball  or  float  having  a  descending  hook, 
to  which  is  hung  a  little  weighted  pan  I  to  hold  the  substance  which  is  wei§^ed  in 
water  ;  the  wire  stem  /  supports  a  cup  c.    A  mark  f,  on  the  stem,  shoivs  the  point  at 
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wbicli  tho  whole  ftpparatiu  will  float  in  a  tali  vcaatl  of  water^  when  a  certain  tRQwn 

weight  (oalled  the  bal mice- weight]  12$  put  in  the  cup  e.     Tbi  specimen 

und^r  QxamiQatton  must  saot  oxoeed  in  weight  thc^  bal^c^weij^ht;  this 

Wing  the  limit  of  the  inetrumont.     Suppo^  the  limit  to  be  100  grains. 

To  find  b^  this  inatrument  tho  ipecifle  gmrity  of  a  substance^  place  it 

on  e^  Bud  add  wdghta  till  tho  instrument  sinka  to  the  nmrk  t^  the  added 

weig^ht  bein^  aubtraeteij  frorn  100^  giyoa  the  weight  of  the  specimen  in 

^«    New  phwo  the  npeeimen  in  the  pan  4  and  again  add  w^ight^  to  c. 

As  much  more  weight  an  c  will  now  bo  re<itiirL*d  m  corregponda  to  the 

wdght  of  ft  hulk  of  water  equiil  to  tho  apecimenj  which,  it  moat  he 

retnemberod,  ii  huoyed  up  by  a  power  just  equal  to  each  weight.    The 

dif erence  of  weight  thus  found  will  be  the  diviiof  of  the  weight  of  the 

ipaoimen,  and  tlio  (luotient  will  he  tho  apeeific  gravitj'  sought. 

Thii  InBtrament  U  generally  niad@  of  brass  or  tin-plat^^  but  maj  bo 
mom  elogantly  made  of  glass. 

For  example,  put  the  specimon  in  balEDce-woight  ^ 


Fig.  384. 

10000 
^Veighta  added  to  aink  iiistruiueiit  to  £  =    * ,  ,  ,     22'57  gm. 


'Wuight  of  fipecimon  in  air  —  ,,*...,,  ^  *,,,,,,  ,     77'43 

BpL'dmen  placed  in  lower  pan  requiie^  additional  weights  ^     35'43 

77*4^ 
35*43  —  22'^7  ^  12  80,  the  weight  of  a  IJko  hulk  of  water  j  then  ——  —  6  02,  the 

Bpccific  gi-aTity  aonght, 

When  the  speeifte  gravity  of  two  suhfltanoes  are  known,  hj  taking  tho  apedfli! 
gTGTity  of  thuir  compound,  we  vmj  find  the  relative  weights  of  the  two  components. 
Thus,  knowing  the  weight  of  a  nnyget  of  quarts  and  gold,  hy  means  of  its  specific 
grayity  we  can  determine  the  weight  of  the  gold  contoiuod  in  it. 

Let  G  ho  tho  weight  of  gold  in  u  uuggot.       g  its  apocific  gravity  * 
Q  the  weight  of  the  quartz  in  a  nugget. 
N  the  weight  of  the  nngget. 

g^<l        A 
From  which  equHlionj  wn  may  obtain  the  following, 

G  =  N.  C^mLs 

Thus,  if  tho  tipe'ifie  gravity  of  a  nugget  whose  weight  is  llioz.  bo  7'43,  eon- 
sidecing  the  apeeifio  gravity  of  the  quartz  03  2-62  and  that  of  fine  gold  M  19"3fi,  we 
8hidl  have  from  the  above  formula 


then 
1&4 


.  q  its  specific  gravity, 
n  its  speci£o  gravity. 


G^irs 


7^43j-2'62        I9'35  _  I07QS452-5  _  g^^^^^ 


19-35 -2'G2    '      M3  124303& 

or  th©  amount  of  fine  gold  in  the  nugget  will  ho  about  8  610 7  ounco. 

The  asperities  on  the  surface  of  the  quarU,  as  well  m  the  cavitiofl  it  contahaB,  eanscs 
the  nngget  to  diaplaoe  mor©  water  than  it  Bbould ;  consequently  the  amount  of  gold  is 
rather  understated.  (Galbraiih  and  Hau^hton'a  **  Manual  of  Hydi-OBtatios,") 

Bouhle  B«£nkctioiL  ajul  Polaxixed  Light.— If  a  ray  of  light  fdl  obliquely 
on  a  plate  of  glaidfl  or  any  other  trflnsparent  mt^dinm,  its  diieciion  ia  changed  as  it 
pasaes  into  the  i^abitance,  and  it  is  bent  ot  refracted  according  to  a  law^  known  as  the 
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Fig.  385. 


law  of  sines.  There  are  certain  transparent  substances  which  possess  the  power  of 
splitting  the  refracted  ray  into  two,  one  of  which  mostly  follows  the  ordinary  law  of 
refraction,  which  belongs  to  transparent  substances,  and  the  other  a  more  complicated 
law.    Such  substances  are  said  to  possess  the  power  of  double  refraction.    Oaldte 

possesses  this  property  in  so  .high  a  degree,  that 
all  objects  seen  through  it  appear  double.  This 
is  most  strikingly  obsenred  in  the  yery  trans- 
parent varieties  called  Iceland  spar. 

If  a  ray  of  light  R  r  foil  obliquely  on  any  one 
of  the  surfaces  of  a  cleavage  rhomboid  of  (»lcite 
(Fig.  38^),it  will  be  divided  on  entering  into  the 
crystal  into  two  rays,  one  r  0  in  the  same  plane  as 
the  ray  R  r,  following  the  ordinary  law  of  refirac- 
tion,  and  therefore  called  the  ordinary  ray ;  and 
the  other,  r  E,  following  a  more  complicated  law, 
and  called  the  extraordinary  ray.  If  the  rhom- 
boid be  placed  on  a  piece  of  paper  having  a 
black  dot,  the  dot  seen  through  the  crystal  will  appear  double,  and  one  image 
of  the  dot  will  seem  to  be  above  the  other ;  and  in 
whatever  position  the  rhomboid  is  placed,  an  imagi- 
nary line  joining  the  two  dots  will  always  be  parallel 
to  the  axis,  Pj  ?«,  which  joins  the  two  three-faced  solid 
angles,  Pj  and  Pj,  of  the  rhomboid  (Fig.  386),  formed 
by  three  equal  and  similar  oblique  angles.  A  line  or 
printed  characters  viewed  through  the  rhomboid  will 
appear  double ;  the  distance  between  the  two  images 
will  depend  on  the  thickness  of  the  rhomboid,  being 
gpreater  as  the  rhomboid  is  thicker. 

If  the  solid  angles,  Pj  and  P,,  of  the  rhomboid  bo  ground  down  and  replaced  by 
two  triangular  surfaces,  as  in  Fig.  387,  perpendicular  to  the  axis,  P,  P^,  and  these 
surfaces  be  polished,  it  will  be  found  that  a  ray  passing 
directly  through  these  triangular  surfaces  wiU  not  suffer 
double  refraction ;  and  any  object  viewed  through  these 
planes  will  appear  single.  The  axis,  Pj  P^,  parallel  to 
which  there  is  no  double  refraction,  is  called  the  opHe  axis 
of  the  crystal.  All  transparent  crystals,  with  the  exception 
of  those  belonging  to  the  cubical  system,  possess  the 
property  of  double  refraction,  though  few  so  powerfully 
as  to  cause  objects  seen  throilgh  them  to  appear  double. 
Nitrate  of  soda  possesses  the  same  crystalline  form,  cleavage,  and  the  property  of 
double  refraction  in  the  same  degree  of  energy  as  calcite,  and  may  be  substituted  for  it 
in  experiments  on  these  optical  peculiarities. 

The  light  which  passes  through  a  doubly-refracting  crystal  suffers  a  peculiar 
change,  which  is  called  polarizaiion,  A  ray  of  light  which  has  been  once  split  by 
passing  through  a  doubly-refracting  substance,  will  not  be  divided  again  on  passing 
through  another  doubly-refracting  surface,  and  there  is  a  certain  angle  for  every 
substance  which  is  not  metallic,  and  is  capable  of  reflecting  ordinary  light,  at  which 
the  ray  of  light  which  has  suffered  double  refraction  cannot  be  reflected.    A  ray  of 
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Fig.  888, 


light  which  has  acquired  these  two  properties^  is  called  polarized  light  Light  may  bo 
polarized  not  only  by  passing  through  a  doubly-refracting  substance,  but  also  by  being 
reflected  at  a  particular  angle  by  a  non-metallic  reflector,  or  by  being  refracted 
at  a  particular  angle  through  parallel  plates  of  a  transparent  substance,  which  does  not 
possess  the  property  of  double-refraction. 
Tourmaline,  especially  the  green  and 
brown  transparent  yarieties,  can  be  so 
prepared  as  to  polarize  light.  If  a  crystal 
of  tourmaline  be  cut  into  platcs/parallel 
to  any  one  of  the  faces  of  the  hexagonal 
prism,  or  to  the  principal  or  optic  axis  of 
the   crystal,   ordinary    light  on  passing  Fig.  889. 

through  the  plate  of  tourmaline  will  be 
doubly  refracted ;  but  one  of  the  two  rays  into  which  the  ray  is  split  will  bo  com- 
pletely absorbed  by  the  tourmaline,  if  the  plate  be  thick  enough,  and  the  other  will  be 
transmitted.  If  we  look  through  the  plates  of  tourmaline  in  the  position  of  Fig.  386. 
as  they  are  cut  from  the  crystal,  wo  can  see  through  them ;  but  if  they  be  placed 
across  each  other,  as  in  Fig.  389,  we  shall  not  be  able  to  see  through  them,  where  the 
planes  of  the  two  plates  are  placed  in  contact  with  each  other. 

If  we  cause  one  plate  of  tourmaline  to  revolve  on  the  other,  in  its  own  plane, 
through  an  angle  of  300°,  we  shall  find  that  there  arc  two  positions 
in  which  it  is  incapable  of  transmitting  polarized  light.  A  bundle 
of  plates  of  glass,  consisting  of  eight  or  ten  similar  pieces,  with  their 
edges  united  together  with  sealing-wax,  or  any  other  means,  held 
in  such  a  manner  as  to  cause  the  light  to  pass  through  the  plates 
obliquely,  as  in  Fig.  390,  may  be  substituted  for  the  plate  of  tour- 
maline. There  is  also  an  instrument  called  Nicol's  prism,  con- 
sisting of  two  prisms  of  Iceland  spar,  united  together  with  Canada 
balsam,  at  such  an  angle  as  to  allow  only  one  of  the  two  rays  of  the 
doubly-refracted  light  to  pass  through  the  prism.  The  Nicols* 
prism  and  the  plates  of  glass,  have  this  advantage  over  the  plates  of 
tourmaline,  that  the  light  which  is  polarized  by  passing  through 
them  is  not  coloured. 

If  a  ray  of  light,  which  has  been  polarized,  pass  through  a  doubly  refracting  crystal, 
it  becomes  depolarized,  or  recovers  its  property  of  being  reflecting  at  all  angles  by  a  non- 
metallic  reflector,  and  of  passing  through  the  plate  of  tourmaline,  the  bundle  of  glass, 
or  the  Nicol's  prism,  in  every  position  in  which  they  may  be  held. 

This  property  affords  a  ready  test  of  double  refraction,— if  a  plate,  with  parallel 
surfaces,  be  cleared  or  cut  from  any  doubly-refracting  crystal  and  placed  between  the 
two  plates  of  the  tourmaline,  in  the  position.  Fig.  389,  in  which  they  lose  their  trans- 
parency, the  transparency  will  be  restored ;  and  if  the  plate  bo  of  a  certain  degree  of 
thinness,  depending  upon  the  substance  of  which  it  is  composed,  it  will  appear  coloured. 
The  plate  of  tourmaline,  through  which  the  light  in  passing  is  polarized,  is  called  the  joo/ar- 
fztfr,  the  doubly-refracting  plate  the  depolarizer,  and  the  oUier  plate  of  tourmaline  through 
which  it  is  seen  the  analyzer.  Any  non-metallic  reflector,  a  plate  of  tourmaline,  a  bundle 
of  glass  plates,  or  the  Nicol's  prism,  may  be  used  as  the  polarizer  or  as  the  analyzer. 
Any  instrument  arranged  with  any  combination  of  any  two  of  these  for  the  analyzer 
and  polarizer,  for  the  purpose  of  observing  this  phenomena,  is  called  a  polariseo^ie. 
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Tho  most  oonvoniont  analyzer  is  a  polishod  mahogany  tablo  or  aheot  of  glass  lyiug 
on  the  table,  reflecting  tho  light  of  the  sky  falling  on  it  through  a  window.  If  a  thin 
plato  of  mica  or  selcnite,  held  in  the  hand  with  its  piano  pcrpondioiilar  to  that  of  the 
table,  bo  viewed  through  a  plate  of  Tourmaline,  a  hundlo  of  glass  held  obliquely,  or  a 
Nicol's  prism,  by  advancing  or  rctirin.Df  from  tho  table  its  polarizing  angle  will  soon  bo 
discovered  by  tho  biilliant  tints  asflumod  by  tho  mica  or  sehmite.  "When  this  angle 
has  been  dctermincMl,— if  wo  substituto  for  tho  plate  of  mica  a  thicker  alioe  out  from 
any  transparent  crystal  belonging:  to  tho  rhombohcdral  system,  porpendiouiar  to  the 
principal  or  optic  axis,  or  to  any  of  tho  facos  of  the  hexagonal  prism,  taking  oaro  to 
hold  the  slice  close  to  the  anal yf  or, — as  we  cauBo  the  analyzer  to  rcrolve  round  iti 

axis  wo  shall  soe  a  black 
cross,  surrounded  by  a 
brilliant  series  of  rings, 
exhibiting  all  tho  ooloun 
of  tho  speotrum,  as  in 
Pig.  391,  Buooeoded  by 
another  series  of  rings,  in- 
tersected by  a  transparent 
cross  (Fig.392) .  Tho  cleav- 
age rhomb  of  caloito,  or 
that  of  nitrate  of  soda,  pre- 
pared as  in  Fig.  887,  and 
Pi8:.39i.  rig.  802.  viewed  througli  the  two 

triangular  planes,  will  exhibit  these  phenomena  witli  groat  brilliancy,  if  tho  thicknoii 
of  tho  plate,  or  the  distance  between  the  triangular  planes,  be  from  a  quarter  to  an 
eighth  of  an  inch.  The  intervals  between  the  rings  are  smaller  as  the  thieknesa  of  tho 
slice  increases,  or,  tho  thickness  of  tho  slice  being  tho  same,  as  tho  doubly  refracting 
energy  of  the  substance  from  which  it  is  cut.  In  crystals  of  tho  pyramidal  »yti$m^  tho 
slice  must  bo  cut  parallel  to  the  basal  pinacoids  of  the  crystal. 

Quartz  is  an  exception  to  other  substances  belonging  to  the  rhombohedral  syftem 
as  it  presents  the  phenomena  of  circular  polarization.  The  slice  of  quartz,  cut  perpen- 
dicular to  tho  optic  axis  or  any  of  the  planes  of  the  hexagonal  prism,  preaenta  in  every 
position  of  tho  analyzer  the  rings  without  the  cross,  tho  (K;ntre  of  the  inner  ring  being 
of  one  colour,  which  passes  throu^^  all  the  varieties  of  the  spectrum  aa  the  analyser 
ia  rotated  on  its  axis.  In  some  specimens  the  colours  succeed  in  their  order  from  red 
to  violet,  as  the  analyzer  is  moved  from  right  to  left,  and  in  othera  when  it  ia  morad 
'from  left  to  right. 

SliocB  cut  in  proper  directions  from  translucent  crystals  belonging  to  the  jpmnuttie, 


Fig.  393.  Fig.  394. 

oblique,  and  anorthie  ayatema,  all  of  which  have  two  axes  of  doubled  lefraoUont  when 


ARRANGEMENT  AND   DESCRIPTION   OF  MINERALS.  491 


viewed  as  nbovo,  present  a  double  system  of  rings  round  each  axis,  when  the  axes  arc 
sufficiently  near  to  be  observed  at  once,  as  in  the  ease  of  nitrate  of  potash,  the  analyzer 
being  held  in  the  position  in  whicli  it  would  show  the  black  cross  in  the  preceding 
caso,  Figs.  303  and  394  will  bo  seen,  consisting  of  two  series  of  oval-colourod  rings, 
intersected  by  dark  brushes,  which  will  change  from  the  position.  Fig.  393,  to  that  in 
Fig.  394,  as  the  slice  of  the  crystal  is  made  to  rotate  round  its  axis,  while  the  analyzer 
is  hold  fixed.  If  the  slice  of  the  crystal  bo  fixed  while  the  analyzer  is  made  to 
revolve,  the  dark  brushes  will  altei-natcly  vanish  and  re-appeiir,  as  in  the  crystals  with 
one  optic  axis. 

Axxangement  and  Desciiptlon  of  mKinexalfl.— Most  modem  works  on 
Mineralogy  having  followed  a  chemical  arrangement  of  minerals,  we  shall  adopt  that 
of  Bcrzclius,  as  modified  in  the  collection  in  the  British  Mu.scum.  The  British 
Museum  contains  probably  the  finest  collection  of  minerals  in  the  world ;  it  is  public 
property,  and  easy  of  access  to  every  student ;  wo  shall,  therefore,  in  our  description 
of  each  mineral  indicate  the  number  of  the  caso  in  which  it  may  bo  found.  For  the 
sake  of  distinguishing  the  specimens  of  one  mineral  from  those  of  another,  in  the 
British  Museum,  the  name  of  each  mineral  in  the  case  is  printed  on  a  label  with  a 
border  coloured  red,  green,  blue,  or  yellow ;  a  thin  slip  of  wood,  of  the  same  colour  as 
the  border,  surrounds  all  the  specimens  of  the  mineral  indicated  by  the  name  on  the 
label.  Some  idea  of  the  value  of  the  collection  in  the  British  Museum  may  be  formed 
from  the  fact  that  it  cost  government  more  than  £30,000,  and  has  been  greatly  enriched 
by  many  valuable  contributions  presented  to  it,  especially  the  rich  private  collection 
of  the  Rev.  Mr.  Cracherodo. 

In  describing  each  mineral  we  shall  give  its  name  and  synonymes,  chemical  compo- 
Bition  in  symbols,  crystalline  system,  hardness,  and  specific  gravity,  indicated  by  the 
letters  II  and  G ;  case  in  the  British  Museum ;  fracture,  transparency,  or  opacity ; 
lustre,  colour,  streak ;  brittloness,  or  other  remarkable  property ;  fusibility  or  infusi- 
bility  before  the  blowpipe ;  the  manner  in  which  it  is  affected  by  acids,  followed  by 
some  of  its  principal  localities,  and  any  observations  which  may  be  necessary  as  to  its 
uses  and  properties. 

tton.— Native  Jron.— Fe.  cubic.  H  ss  4-5  G  7*0  . . .  7'8.  Oase  1.  Soluble  in 
hydrochloric  acid.  B.  infusible.  Frac.  hackly.  Opaque.  Lus.  metolUo.  Col.  palei 
steel-gray.    Sir,  the  same. 

Native  iron  of  terrestrial  origin  is  mixed  with  a  small  portion  of  other  metals,  but 
without  nickeL  Dauphine,  Auvorgne,  Branils,  Yates,  Uniteid  States.  Meteoric  iron:  jEro* 
lite,  Meteorite. — Found  in  meteoric  stones,  with  nickel,  cobalt,  and  other  metals.  Siberia, 
Peru,  Mexico,  North  America,  Cnpe  of  Good  Hope,  several  parts  of  Europe.  Meteoric  iron 
forms  the  substance  of  the  rough-shaped  knives  of  some  of  the  Esquimaux  tribes  of  North 
America.    Iron  is  most  extensively  used  in  the  arts  and  manufactures. 

Copper.— iVrt^iutf  Copper,— QvL.  cubic.  II  2-5  .. .  3-0  G  8-6  .. ,  8*9.  Case  1 
Soluble  in  nitric  acid.  B.  easily  fusible.  Frac.  hackly.  Lus.  metallic.  Col.  red. 
Sir.  shining. 

Found  in  veins  nnd  beds.  Disseminated  through  rocks  of  all  formations.  Hungary, 
Siberia,  Cornwall,  Watcrford,  MauHfield,  Kaursdorf,  Chossy,  Spain,  Fahlim,  North  America, 
Cuba,  BrazilH,  (.'hiua,  Japan,  Nassau,  Saxony.  Copper,  eitlier  by  itself,  or  else  in  combina- 
tion with  other  metals,  is  extensively  used  in  the  arts  and  manufactures.  Copper  is  used 
for  the  stamping  maehinery  of  powder-mills,  because  it  does  not  emit  sparks. 
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BiMmuth,^Native  Jii9muth.—JM.  rhombohedzal.  H  2-0  . . .  2*5  G  9'6  . . .  9  8. 
Case  1.  Soluble  in  nitric  acid.  B.  easily  fusible.  Frac.  indistinct  Opaqne.  Ltu. 
metallic.     Col.  rcddish-silver-wliitc. 

Found  in  veins,  in  granite,  gneiss,  mica  slate,  and  transition  rocks.  Saxony,  Thnringia, 
Bohemia,  Norway,  Sweden,  the  Pyrenees,  Connecticut,  Cornwall.  Bismuth  enters  into 
several  alloys  used  in  the  arts,  such  as  pewter,  solder,  and  type  metal. 

Lead.— iVa^itv  Leadr-^Vh.  onbio.  H  1*5  6  =  11*35.  Case  1.  Soluble  in  nitric 
ftcid.  B.  easily  fusible.  Frac.  hackly.  Opaque.  Zus,  metallic.  Q>L  lead-gray. 
Sir,  shining. 

Said  to  be  found  in  lava  and  carboniferous  limestone.  Madeira;  Bristol;  Kenmare 
Ireland ;  Alston,  Cumberland.    Used  extensively  in  the  arts  and  manufactures. 

SUywr.— iVa^wtf  Silver.— Aq.  cubic.  II  2'6  —  30  G  10-1  —  ll'O.  Case  2. 
Soluble  in  nitric  acid.  B.  easily  fusible.  Frac,  hackly.  Opaque.  Zus^  metallic. 
Col,  white.     Str.  shining. 

Found  in  veins,  rarely  in  beds ;  in  crystalline  slate  rocks,  gneiss,  mica  slate,  hornblende 
slate,  granite,  syenite,  porphyry.  Norway,  Sweden,  Saxony,  Bohemia,  Hungary,  Tran- 
sylvania, Siberia,  the  Hartz,  Baden,  the  Tyrol,  France,  Peru,  Mexico,  Chili,  Cornwall,  Alva, 
Scotland.  Used  extensively  in  the  arts  and  manufactures ;  mixe^  with  copper  in  the  pro- 
portion of  12^  to  1,  it  forms  the  standard  silver  of  British  coinage. 

TSmicxuy.— Native  Merettri/.—Hg,  cubic.  H'O*  G  13*6.  Case  2.  Soluble  in 
nitric  acid.    B.  volatilizes.    Opaque.    Lue.  bright  metallic.    Col.  tin-white. 

Found  in  cavities  or  crevices  of  rock  containing  cinnabar.  Camiola,  Spain,  Bohemia, 
the  Palatinate,  the  Tyrol,  Carinthia,  Peru,  China,  the  Ilartz. 

AmBl^tLm^—ITydrarffuret  of  Silver.— Ag.  Ilg.  cubic.  II  3*0  —  3*5  G  1 3 '7  — 141 
Soluble  in  nitric  acid.  B.  yolatilizcs.  Frac,  conchoidal.  Opaque.  Zus.  bright 
metallic.     Col.  silvor-white.    Str.  the  same. 

Found  in  beds  containing  mercury  and  cinnabar.  The  Palatinate,  Hungary,  Spain, 
France,  Sweden.  That  found  in  the  Arquero  mine,  in  Chili,  has  been  called  Arquerite. 
Extensively  used  in  the  arts  and  for  philosophical  apparatus,  and  in  the  manufacture  of 
chemical  and  pharmaceutical  preparations. 

Palladium.— iVaftW  Palladium.  Pd.  cubic.  H  4*5  —  50  G  ll-S  — 12*14. 
Case  2.  Soluble  in  nitric  acid.  B.  infusible.  Frae.hajaldj.  Opaque.  Xms.  metallic. 
Col.  light  steel  gray. 

Occurs  in  rolled  grains  with  platina,  and  particles  imbedded  in  and  combined  with  gold. 
Brazils,  Tilkerode  in  the  Hartz.  Does  not  tarnish.  Has  been  used  in  the  manufacture  of 
philosophical  instruments,  particularly  balances. 

Platinum.— iVa^tW  Platina.— Vt.  cubic.  H  40—  4*5  G  17*3  —  18*94.  Case  2. 
Soluble  only  in  nitro-muriatic  acid.  B.  infusible.  Frae.  hackly.  Opaque.  Inu. 
metallic.     Col.  steel  gray.    Str,  the  same,  bright.    Ductile. 

Found  with  gold  in  veins  of  quartz,  in  syenite,  and  in  alluvial  sand.  The  Ural,  Brazils, 
St.  Domingo,  Borneo,  the  Bhone,  North  Carolina.  Of  great  value  in  the  construction  of 
philosophical  and  chemical  apparatus.    It  is  used  in  painting  on  porcelain. 

Oszniridium. — AUop  of  Iridium  and  Osmium. — Ir.  Os.  xhombohedxaL  H  7*0 
G  19-3  —  21*2.  Case  2.  Insoluble  in  acids.  B.  infusible.  -Fro?,  uneven.  Opaque. 
Zus.  metallic.     Col.  tin-white  and  lead-gray.    Str.  the  same. 

Occurs  in  isolated  crystals  and  grains  with  gold  and  platinum.  South  Ajnerica,  the 
Ural,  Borneo. 
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Iridium,,— Alloy  of  Iridium  and  Flatinum.  Ir.  Pt.  cubic.  H  60  —  7*0  G 
22*65  —  22*80.  InsQluble  in  aoids.  B.  infusible.  Opaque.  Zua,  metallic.  Col. 
silver-white.    Highly  ductile. 

Occurs  with  platinum  and  osmi-iridium.  The  Ural,  Aya.  Harder,  heayier,  and  paler  in 
colour  than  platinum. 

Qold.—NativeOold.^Au.cnhic.  H  2-5  — 30  G  14*55- 191.  Case  3.  Soluble 
in  nitro-muriatic  acid.  B.  fusible.  Frae,  hackly.  Opaque.  Zus.  metallic.  Col, 
gold  yellow.    8tr,  bright.    Ductile  and  malleable. 

Occurs  in  felspathio  and  hornblende  rocks,  in  conglomerates,  in  alluvial  deposits 'and 
sands  of  rivers,  in  veins  of  greenstone  and  syenitio  porphyry,  in  veins  of  quartz,  in  seleni- 
uret  of  lead ;  generally  combined  with  silver — when  the  proportion  is  considerable,  it  is  called 
Electrum.  Hungary,  Transylvania,  Mexico,  Peru,  and  New  Spain;  California,  Brazils, 
North  Carolina,  Australia,  St.  Domingo,  Bohemia,  AMca,  Thibet,  China,  Java,  Borneo, 
Sumatra,  the  Hartz,  Danube,  Rhine,  Wicklow,  Perthshire,  Cornwall.  The  most  ductile  and 
flexible  of  all  metals;  extensively  used  for  coinage,  articles  of  luxury,  and  in  the  arts. 

TellTuium.— iVa^tW  r«//»nVm.— To.  xhombohediral.  Case  3.  H  20  —  2*5 
G  6*1  —  6'3.  Solublo  in  nitric  acid.  B.  easily  fusible.  Opaque.  Zus,  metallic. 
Col,  tin-white.    Sir,  the  same. 

Occurs  in  a  sandstone  rock.    Faceby,  Transylvania. 

TetnUlymite. — Tellurwismutk,  Bomine^  Molybdena-nker^  Sulpho-telluret  of  Bis^ 
muih.  Rhombohediral.  Case  3.  H  1*0  —  1*5  G  7*4  —  7'5.  Solublo  in  nitric 
acid.  B,  easily  fusible.  Opaque.  Ziu.  metallic.  Col,  bright  steel-gray.  Str,  the 
same. 

Occurs  in  conglomerate.    Schoubkan  in  Hungary,  Deutsch  Pilson,  near  Orard. 

Tetzite.Sessite,  Tellur  Silber,  Telluret  of  Silver.— A^f;.  Te.  cubic.  Case  3, 
H  2*5  . . .  3*0  G  8*31  —  8*83.  Soluble  in  hot  nitric  acid.  B.  volatilizes.  Frae.  even. 
Opaque.    Zus,  metallic.     Col.  steel-gray.    Sir.  the  same.    Malleable. 

Occurs  with  iron  and  copper  pyrites  in  talk-slate.     Siberia,  Transylvania. 

JXtLSya^ite.'^lack  or  Foliated  Tellurium.  Auro-plumbiferous  tellur et—Vh.  To. 
Au.  pyramidal.  Case  3.  H  1-0  —  1*8  G  7.0  —  7*2.  Solublo  in  nitric  acid.  B. 
easily  fusible.    Opaque.    Zue.  metallic.     Col.  blackish  lead-gray.    Sir.  the  same. 

Occurs  in  veins  with  quartz.  Nagyag  and  Offenbanya,  Transylvania.  Prized  for  the 
gold  it  contains. 

Altaite.— 2V/ft«rtf<  of  Zead.—Vh.  Te.  cubic,  H  3*0  —  3*5  G  8*15.  Soluble  in 
nitric  acid.  B.  fusible.  Frae,  uneven.  Opaque.  Zus,  metallic.  Col,  tin- white. 
8tr.  the  same. 

Found  with  petzite  in  Sawodinski  mine,  in  the  Altai. 

Sylyanite. — Graphic  and  Yellow  Telluriuniy  Schrift-erz,  Mullerine.—Te.  Pb.  Au. 
pzismatic.  Case  3.  H  1*5  —  2-0  G  7*99  —  8-33.  Soluble  in  nitric  acid.  B.  fusible. 
Frae.  uneven.    Opaque.    Ztts.  metallic.     Col.  steel-gray.    Str,  the  same. 

Found  in  porphyry.    OfTenbanya  and  Nagyag,  Transylvania.    A  very  rare  mineral. 

AjMmonjn— Native Aniimony.Sh,  rhombohedxal.  H  3*0  —  3*5 G 66  —  6*7. 
Case  3.  Solublo  in  nitro-muriatic  acid.  B.  easily  fusible.  Opaque.  Zus,  motallie. 
Ooi,  tin-white.    Str.  the  same. 

Occurs  in  veins  in  crystalline  rocks.  Sahlberg  in  Sweden,  Allemont  in  Dauphine,  Przi* 
bram,  in  Bohemia,  Andreasberg  in  the  Hartz.  Used  as  an  alloy  to  harden  the  softer  metals, 
particularly  type  metal ;  it  is  also  used  for  some  pharmaceutical  preparations. 


494  ANTIM0NIDE8  AND  ABSENIDES. 

AntimonsiLhei^.—Antimonial  Silver.— Ag*  Sb.  pzismatic.  H  3*5  G  9 '4  —  9*8. 
Case  3.  Soluble  partially  in  nitric  acid.  B.  easily  fusible.  Frcu:.  uneven.  Opaque. 
Zus.  metallic.     Col.  silver  white.    Sir.  the  same. 

Occurs  in  veins  in  granite,  porphyry,  and  crystalline  slate  rocks.  Andreafiberg  in  the 
Hartz,  Guadal  canal  in  Spain,  Allemont  in  France,  Mexico.  A  rare  mineral^  highly  valuable 
for  extracting  silver,  when  found  in  sufficient  quantity. 

Bxeithauptite.— iViciSr^;  Antinwnial.—Nl-  Sb.  xhombohedzal.  H  5*0  6  7*54. 
Soluble  in  nitio-muriatic  acid.  B.  volatilizes.  J^rac.  uneven>conchoidaL  Opaque. 
Zus.  metallic.     Col.  light  copper-red.    Str,  reddish-brown.    Brittle. 

Occurs  with  ores  of  cobalt  at  Andreasberg  in  the  Hartz. 

Arsenic. — Native  Arsenic, — As.  rhombohedral.  II  3*5  G  57  —  5*8.  Case  4. 
With  nitric  acid  changes  to  arsenious  acid.  B.  easily  fusible,  on  charcoal  volatilizes. 
Frac,  uneven.    Opaque.    Zus.  metallic.     CoL  tin-white.    Sir,  the  same.    Brittle. 

Occurs  in  veins,  seldom  in  beds,  in  crystalline  slate  rocks.  The  Hartz,  Saxony,  Baden, 
Bohemia,  Transylvania,  the  Banat,  Dauphine,  Alsace,  Norway.  A  virulent  poison,  it  is 
used  in  metallurgical  processes  and  in  the  manufacture  of  glass  and  colours. 

Kupfemickel. — Copper  Nickel^  Arseniate  of  Nickel. — ^Ni.'  As.  rhomboliedzaL 

H  5-5  G  7*2  —  7-8.     Case  4.     Soluble  in  nitro-chloric  acid.    B.  fusible.     Frac,  con- 
choidal.     Opaque.    Zus,  metallic.     Col.  copper-red.    Str.  brownish-black.     BritiLe. 

Occurs  in  veins,  seldom  in  beds,  in  granite,  clay,  slate,  and  transition  rooks.  Saxony, 
Bohemia,  Thuringia,  Hessia,  the  Hartz,  Baden,  Dauphine,  Styria,  the  Banat,  Spain,  Connec- 
ticut, Cornwall,  Linlithgowshire.  Distinguished  from  native  copper  by  its  brittle  nature, 
and  the  green  deposit  it  forms  in  nitric  acid. 

Rammelsbergite.--  JFhite  Arsenical  Nickel.—'Ni.  As.  cubic,  H  5-5  G  6*43  — 
6*73,     Case  4.     Soluble  in  nitric  acid.      B.  easily  fusible.     Frae.  uneven.      Opaque. 

Zus.  metallic.     Col.  tin-white.     Brittle. 

Found'at  Schneeberg  in  Saxony,  Kichelsdorf  in  Hessia,  Kamsdorf  near  Saalfield. 

Chloantbite.— White  Nickel.— l^i.  As.  prismatic.  H  o-5  G  7*09 — 7*18.  Opaque. 
Zus.  metallic.     Col.  tin- white. 

Found  at  Biechelsdorf  and  Schneeberg. 

Smaltine. — Tin-white  Cobalt,  Arsenical  Cobalt. — Co.  As.  cubic.  H  6*5  G  6*3  — 
6*6.  Case  4.  Soluble  in  nitric  acid.  B.  easily  fusible.  Frac.  uneven.  Opaque. 
Zus.  metallic.    Col.  tin-white.    Str.  grayish-black. 

Found  in  veins  in  slate  rocks.  Saxony,  Bohemia,  Hessia,  Styria,  Hungary,  Piedmont, 
Cornwall.  Distinguished  from  native  bismuth  and  copper  nickel  by  its  perfect  cleavage, 
inferior  hardness,  and  reddish  tinge.  Boasted  to  drive  off  the  arsenic,  and  iinely  powd^^d, 
it  affords  a  blue  colour  for  painting  porcelain,  <fcc. ;  with  silex  and  potash  it  produces 
smalt. 

Saffloiite.— CbJ«/^  Arsenical,  Chathamite,  Iron  Cobalt. — Co.  As.  and  Fe.  As.  cubic, 
H  5-5  G  6*92  —  7'3.     Soluble  in  nitric  acid.    Frac.  uneven.     Col.  light  steel-gray. 
Found  in  veins  traversing  primitive  rocks.    Schneeberg. 

Skutterudite.— ifoffwmtVe,  Sard  white  Chbdlt—Go,^  As.^  cubic,  H  6-0  G  6*74 
—  6 '84.  Case  4.  Soluble  in  nitric  acid.  B.  easily  fusible.  Frac.  conchoidaL 
Opaque.    Zus.  metallic.      Co/,  tin- white. 

Found  in  mica  state,  at  Skutterud  in  Norway. 
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LoUngit©.— -u4r«ewwfl/  Fyritesj  Leucopyrite.—'Fii.^  As.^  prismatic.  H  d'5  G 
7*0  —  7*3.  Soluble  in  nitric  acid,  partially.  B.  fusible.  Frac,  uneven.  Opaque. 
Lu8.  metallic.     Col.  silver  white,    Str.  grayish-black. 

Found  in  veins  in  clay  slate,  in  beds  of  chalybite,  and  in  serpentine.  Andreasberg, 
Carinthia,  Styria,  Silesia,  Norway.  The  accidental  admixture  of  silver  renders  some  of  the 
varieties  of  this  species  useful  as  an  ore  of  that  metal.  It  is  employed  in  the  manufecture  of 
white  arsenic  and  of  realgar.     Sometimes  it  contains  a  small  portion  of  gold. 

Placodine.— Ni.«  As.  oblique.  H  5*0  —  55  G  7*99  —  8-06.  Soluble  in  nitric 
acid.  B.  easily  fusible.  Opaque.  Lus.  metallic.  Col  between  bronze-yellow  and 
copper-red.    Str.  black.    Brittle. 

Found  at  MUsen  in  Siegen. 

Domeykite. — Arseniuret  of  Copper,  Condurrite.-^Cu.«  As.  H  3*5  G  4-20  —  4-29. 
Case  4.  Not  soluble  in  hydro-chloric  acid,  B.  easily  fusible.  Opaque.  Lus,  me- 
tallic.    Col.  tin-white. 

Found  in  veins  in  porphyritic  mountains.    Peru,  Chili,  Cornwall. 

Diamond.— C.  cubic.  H  =  10*0  G  ~  3*5  —  3*6.  Case  4.  Insoluble  in  acids 
Frae.  conchoidal.  Transparent-translucent.  Lus.  adamantine.  Col.  colourless,  white, 
gray,  brown,  green,  yellow,  red,  blue,  rarely  black.    Str.  gray. 

Found  in  quartz,  conglomerate,  in  strata  of  clay  and  sand  containing  an  iron  oxide,  in 
allunums,  and  in  a  micaceous  sandstone.  The  Deccan,  Malacca,  Borneo,  Celebes,  Java, 
Brazils,  Mexico,  the  Ural,  North  Carolina,  Georgia.  The  most  valued  of  all  the  gems. 
Employed  for  cutting  glass,  and  its  powder  for  cutting  and  polishing  hard  gems  and  stones. 

Ozaphite. — Fhmbago^  Carburet  of  Iron.—G.  xliombohedml.  H  1*0  —  2*0 
0  1*8  -^  2*1.  Case  4.  Insoluble  in  acids.  B.  infusible.  Frae.  uneven.  Opaque. 
Zu8.  metallic.     Col.  iron-black,  dark  steel  gray.     Str.  black,  shining. 

Found  in  beds  in  gneiss,  trap,  and  in  the  coal  formation.  Norway,  Bavaria,  the 
Pyrenees,  North  America,  Austria,  Styria,  Bohemia,  Moravia,  Cumberland,  Aberdeenshire, 
Kilkenny,  Ayrshire,  Spain,  Ceylon,  the  Brazils,  Massachusetts.  Used  for  the  manufacture 
of  pencils  and  crucibles ;  also  to  diminish  friction  in  machines. 

AnthxtMite.—Glance  Coal.  H  20  —  2*5  G  1*3  —  1*75.  Case  4.  Frae.  con- 
choidal.   Zu$,  vitreous  or  waxy.     Col.  black.    Str.  black.    Brittle. 

Found  in  several  parts  of  the  Alps,  the  Pyrenees,  France,  Pennsylvania,  Massachusetts, 
Bohemia,  Silesia,  Saxony,  Staflfordshire,  Brecknockshire,  Carmarthenshire,  Pembrokeshire, 
Kilmarnock,  and  Kilkenny.    Used  as  fuel  for  furnaces,  and  in  the  manufacture  of  metals. 

Selenium-— Se.  Case  4.  H  2*0  G  4*3.  Frae.  conchoidal.  Translucent.  Ztts. 
vitreous.     Col.  pale  dull  red. 

Found  incrusting  sulphur  in  Sicily,  Mexico. 

BeneUne^-^Seleniuret  of  Copper.^Cn.^  Se.  Case  4.  Crystalline.  ii».  metallic. 
Col.  silver-white.    Str.  shining.    Soft  and  malleable. 

Found  coating  calcite  at  Skrickerum,  Sweden,  rarely  in  the  Hartz. 

Tn!kAixite.—Seleniuret  of  Silver  and  Copper.  Cu.^  Se.  +  Ag,  Se.  Case  4.  Soluble 
in  hot  nitric  acid.  B.  fusible.  Crystalline.  Opaque.  Lus.  metallic.  Col.  lead-gray. 
Str,  shining.     Soft. 

Found  in  serpentine  at  Skrickerum,  Sweden. 


^96  8ELEMIDE8  AND  SULPHIDES. 


VtLXLmMmiitB.^Seleniuret  of  Silver.-^Xg.  So.  oubio.  H  2*4  O  8-0.  Soluble  in 
concontratcd  nitric  acid.  B.  fusible.  Opaque.  Zut.  metallic.  CM.  iron-black. 
Sir.  same.    Malleable. 

Found  in  narrow  veins  in  diabase  at  Tilkerode  in  the  Hartz. 

OlaxMtuLkite.—Seleniuret  of  J^od.— Pb.  Se.  cubic.  Caao  4.  H  2*5  —  30 
G  8*2  —  8 '8.  Soluble  in  nitric  acid  partially.  B.  Tolatilizes.  Opaque.  Lus. 
metallic.     Col.  Lead-gray.    Str.  gray. 

Found  in  transition  rocks  in  the  Hortz  and  Saxony. 

iMeihtLChite.'-'Seleniuret  of  Lead  and  Mercury. —TS^,  Se.  and  Hg.  Se.     Case  4. 
Onbic.    Soft.    G  7-3.    Opaque.    Lu8.  metallic.    Col  lead-gray.    Str.  black. 
Found  in  transition  rocks  in  tlie  Hartz. 

Sorgite. — Seleniuret  of  Lead  and  Copper.— Vh.  Se.  with  Cu.  Se.  Case  4.  H  2*6 
G  70  —  7*5.  B.  volatilizes.  Frae.  conchoidal.  Opaque.  Lua.  metallic.  Col  light 
lead  gray,  grass-yellow.    Str.  darker  than  colour. 

Found  in  transition  rocks  and  in  a  rein  iu  clay  slate.    The  Hartz  and  Thuringia. 

.  Riolito. — ^Ag.  Sc.2  xhombohedzal.    Colour  lead-gray.    Tory  malleable. 

Found  in  Tasco  in  Mexico. 

OnofA\M,r^Seleniurtt  of  Mercury. —'Kg.  Se.  with  Hg.  S.    Case  4.    II  2*5.    Lus. 
metallic.     Col  blackish,  lead-gray.    Str.  shining. 
^  Found  massire  in  yeins  at  San  Onofre,  Mexico. 

Sulphux.-S.  pzismatle.  H  1*5  —  2-5  G  2*0  —  2*1.  Case  5.  Frae.  conchoids], 
uneyen.  Transparent.  Translucent  on  the  edges.  Lus.  resinous,  inclining  to  ada- 
mantine.  Col  sulphur-yellow,  passing  into  red-brown,  gray.  Str.  sulphur,  yellow- 
white. 

Found  in  mica  slate,  lime-stone,  metallic  reins,  beds  of  gypsum,  sandstone,  in  aUaTlnm, 
as  a  volcanic  sublimate,  and  a  deposit  from  hot  springs,  Anito,  Hungary,  the  Black  Ferest, 
Sicily,  Tuscany,  Spain,  Cracow,  Hanover,  Greenland,  Thuringia,  Naples,  iEtna,  Iceland, 
Java,  Teneriffe,  Bourbon.  Used  in  the  manufacture  of  gunpowder,  sulphuric  acid,  cinnabar, 
and  various  pharmaceutical  preparations. 

Alabandine. — Sulphuret  ofManyanese,  Eexahedral  Olanee  Blende, — Mn.  8.  embic 
n  40  —  G  3*95  —  4*01.  Case  5.  Frae.  uneven,  imperfect,  conchoidaL  Opaque. 
Lus.  metallic,  imperfect.  Col  iron-black.  Str.  dark-green.  B.  ftudble.  Soluhle  in 
hydrochloric  acid. 

A  rare  mineral,  found  in  veins.    Nagyag,  Transylvania,  and  in  Mezioo. 

Haueritc^Mn.  S^  cubic.  H  4*0  —  G  3*46.  Case  5.  Lus.  adamantine,  (kl 
dark  reddish-brown.    Str.  brownish-red 

Found  in  clay  with  gypsum,  and  sometimes  with  sulphur.    Kalinka,  Hungary. 

VitnAit.—Sulphwret  of  Zinc^  Dodecahedral  Garnet  Blende,  Black  Jack  of  Mmsrs.— 
Zn.  S.  cubic.  H  3*5  —  40  G  3*9  —  4*2.  Case  5.  Frae.  conchoidal.  Lus.  adamantine. 
Col.  green,  yellow,  red,  brown,  and  black.  Transparent  B.  fusible  with  difBenlty. 
Soluble  in  powder  in  concentrated  nitric  acid,  with  exception  of  the  sulphun. 

Widely  diffused  in  veins  and  beds,  in  crystallino  slate  and  transition  rooks.  Hongaiy, 
Transylvania,  Bohemia,  Saxony,  the  Hartz,  Sweden,  Derbyshire,  Flintshire,  Cornwall, 
Perthshire,  Leadhills,  and  I^inarkshire.  Distinguished  from  the  varieties  of  galena,  garnet, 
&nd  tin,  which  it  resembles  by  the  facility  with  which  it  yields  to  the  knife.  Of  little  nine 
aa  an  ore  of  zinc,  from  the  dif&cxiltj  of  extracting  that  metal  from  it. 
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Pyilte. — Iron  Pyritet^  Stdphuret  of  Iron,  Eexahedral  Iron  Pyrites,  Fe.  S'.  oubio. 
H  6*0  —  6*6  G  4-9  —  5*1.  Case  6.  Frac»  conohoidal,  uneven.  Opaque.  Lm, 
metallic.  Col  brass-yellow,  gold-yellow^  brown.  Brittle.  B.  fusible.  Partly 
soluble  in  nitric  acid.    Some  Yarieties  contain  a  small  quantity  of  gold. 

A  yery  common  mineral,  uAiversally  diffused  in  beds  and  veins  of  the  most  different 
formations.  Elba,  Piedmont,  Saxony,  Bohemia,  Hungary,  Norway,  Sweden,  Dauphine, 
Derbyshire,  Cornwall,  &0.  Used  in  the  manufacture  of  sulphur,  sulphate  of  iron,  and 
sulphuric  acid.  Distinguished  from  copper  pyrites  by  being  too  hard  to  be  cut  by  a  knife ; 
from  the  ox-es  of  silver  by  its  pale  bronze  colour,  and  hardness  and  difficulty  of  fusion. 
Gold  is  sectile,  malleable,  and  does  not  give  off  a  sulphur  odour  before  the  blow-pipe. 

Mbureasite— TTAt^tf  Iron  Pyrites.  Prismatic  Iron  Pyrites.— Fe,  S>  pxifNBiaUo. 
n  6-0  —  6*6  G  4-66  —  4.9.  Case  6.  B'ao.  uneven.  Opaque.  Lus.  metallic.  Col, 
pale  bronze-yellow,  sometimes  inclining  to  green  or  gray.  8tr.  dark  groonish-gray. 
Brittle. 

Not  so  common  as  pyrite,  and  not  found  in  the  older  rocks.  Saxony,  Bohemia,  Hessia, 
the  Hartz,  Conde,  Cornwall,  Derbyshire.    Used  for  the  same  purposes  as  pyrite. 

TjnhQiinm.^Ehmbohedral  or  Magnetic  Iron  Pyrites.  5  Fe.  S  -t-  Fe.«  8^=  Fe.'S* 
shombohedzal.  H  3*5  —  4-5  G  4-6  —  4*7.  Case  6.  Frac,  conchoidal.  Opaque. 
Lus,  metallic.     Col.  brass-yellow.    8tr.  grayish-black.    Feebly  magnetic.    Brittle. 

Oocnrs  principally  in  beds  in  the  older  rocks,  and  sometimes  in  meteorites.  The  Hartz, 
Bavaria,  Saxony,  Silesia,  Cornwall,  Argyleshire,  and  Galloway. 

Uxm^iXjt.Sulphuret  of  Cobalt.  Isometrieal  Cobalt-kies.— Co.  S  +  Co.^  S^  cnbie. 
H  5'5  G  4*8  —  5'0.  I^ae.  conchoidal-unoven.  Opaque.  Lus.  metallic.  Col.  silver- 
white,  inclining  to  steel-gray.  Str.  blackish-gray.  Brittle.  B.  fusible.  Partly  soluble 
in  warm  nitric  acid. 

Found  in  Sweden  in  beds  of  gneiss. 

Mj9TfOOXiiA^'-^ulphuret  of  Cobalt,— Co,  S.    Col.  steel-gray,  inclining  to  yellow. 
Found  in  Syepoor,  in  Hindostan. 

MmeTite.—Sulphuret  of  Nickel.  Nickel  Pyrites.  Native  Nickel.— Ni,  S.  xhom- 
boh«dxal.  H  3-5  G  5*23  -  5-30.  Case  6.  Opaque.  Lus.  metallic.  Col.  brass- 
yellow.    Sir,  bright.    B.  easily  fusible.    Soluble  in  nitro-muriatic  acid.    Green. 

Occurs  in  cavities,  and  dispersed  among  the  crystals  of  other  minerals.  Bohemia, 
Saxony,  Andreasberg,  and  Cornwall. 

Eisennickelkies.— 2  Fe.  S  H-  Ni.  S.  cubic.  H  3*5  -  4*0  G  4-6.  Frae,  un- 
even. Opaque.  Lus,  metallic.  Col.  light  pinchbeck-brown.  Str,  rather  darker. 
Brittle. 

Found  in  crystalline  masses  with  towanite  in  amphibole,  Norway. 

Oenklcifittc.— DwwnoM.  Arsenieal  Nickel.—Kl  S*  -f-  Ni.  As*or2Ni.  S-f-Ni.  As* 
oubio.  H  5-0  — 5*6  G6'l  —  6'13.  Case  6.  /Vac.  uneven.  Opaque.  Zm*.  metallic. 
Col,  Light  lead-grAy.  Str.  grayish-black.  Brittle.  B.  fusible.  Partially  soluble  in 
nitHo  acid. 

The  Hartz,  Sweden,  Hungary,  Spain,  and  the  Brazils. 

XnimMJiit^-^Nickeliferous  Oray  Antimony.  Hartmannite, — Ki.  Sb  -f-  Ni.  8* 
ombio.    H  60  —  5*5  G  6-2  —  6*55.    Case  10.    Opaque.    Lus.  metallic.     CoL  ^k^. 
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Sit,  gfrnjuh-black.    BritU*.    B.  fusible.     Partiailj  lolable  in.  nitEOHDiuziflfcie  add, 
fofming  a  green  eolation. 

Found  in  iron-stone  reins.    Nassau,  Fnissia,  and  the  Hartz. 

Chnuianite. — Saynite,  Nickel  Bismuth  Glance.  Bismutkiferous  Sulphuret  of  NiektL 
ovbic.  H4--5  0^5-13.  Opaque.  XtM.  metallic.  Cb/.  light  ateel-giey.  iSA*.  dazk 
gray.    Brittle.     B.  fusible.    Green  solution  in  nitric  acid. 

Found  in  veins.    Bohemia  and  ComwaU. 

Ore^jnookiim^^StUphuret  of  Cadmium.  Gd.  S.  rhombohedimL  H  3*8  G  4*8  —  4-9. 
Case  6.  Translucent.  Lus.  adamantine.  Col.  yellow.  8tr.  orange.  Soluble  in  wazm 
hydrochloric  acid. 

Occurs  in  crystals  in  porphyritic  amygdaloidal  trap,  at  Bishopton,  in  BenftewBhize. 

Redznthite.— Fir'^rAW^  Copper.  Prismatic  Copper  Glanee.—Cu.'^  S.  pzimiatie. 
H  2*5  —  3*0  G  5-5  . . .  5*8.  Case  7.  Frac.  conchoidaL  Opaque.  Ims,  metallic 
Col.  blackish  lead-gray.  Sir.  the  same,  shining.  Very  gectile.  B.  easily  fusiUe. 
Blue  solution  in  warm  nitric  acid. 

Found  in  beds  and  veins  in  bituminous  copper  slate,  iron  utone  and  dayfllaAa.  tlflrain^ 
the  Hartz,  Sweden,  Norway,  NorUi  America,  Pern,  Mexico,  Cornwall,  Yorkafaixe,  Ayratatt, 
the  Orkneys,  and  Shetland.  Cu.^  S.  formed  by  the  fusion  of  eof^ier  glance,  or  of  eopper 
and  aulphur  in  the  same  proportions,  can  be  obtained  in  octahedral  crystals ;  this  substance 
is  therefore  dimorphous.    It  is  a  rich  and  highly  valuable  ore  of  copper. 

GoTeUine« — Kupferindig.    Indigo  Copper.   Blue  Copper.— Qv^..    S.rlLombohedzml. 

H  1-6  —  2  0  G  3-8  —  3-82.     Case  7.     Opaque.    Lus.  resinoufl.    Col.  indigo-blue.  Blr. 
black,  shining.     Sectile.     B.  fusible.     Soluble  in  nitric  acid. 
Found  in  Thuringia,  Salzburg,  Poland,  Vesuvius. 

Tennajitite. — Dodecahedral  dystome  Glance. — 4  (Fe,  2Cu.)  8 -|- As.  S^cuUe. 
H  4*0  G  4*3  —  4-5.  Case  7.  Opaque.  Lus.  metallic.  Col  blackiah  lead-gray— iron- 
black.    Str.  dark  reddish-gray.    Brittle.    B.  fusible. 

In  veins  in  granite  and  clay  slate.     Kedruth,  and  St.  Day,  in  ComwalL 

Bomite.— Pwr^fo  Copper,  Variegated  Copper.  Octahedral  and  ffeptOh  Oofper 
Pyrites.  Buntkupfererz.  Er^eseite.—Z  Cu.2  S  -j-  Fe.*  S^  cnlbic.  H  3*0  G  4-f  —  6*1. 
Case  7.  Frac.  conchoidal-uneven.  Opaque.  Lus.  metallic.  Col,  between  copper 
red  and  pinchbeck-brown  .  Str.  grayish -black.  Bather  sectile.  B.  foiuble.  Partiilly 
soluble  in  concentrated  hydrochloric  acid. 

Found  in  beds  and  veins  of  the  older  rocks.  The  Banat,  Norway,  Thonngia,  SiksiA, 
Siberia,  Greenland,  Sweden,  North  America,  Saxony,  the  Hartz,  ComwalL  A  valuable 
mineral  for  extracting  copper. 

Cubane.— Cu.2  S  Fe.2  S^  -t-  2  Fe  S  or  Cu.  S  -I-  Fe.*  S^  cubic.    H  4-0  G  4*026  - 
4'042.  ^  Opaque.     Lus.  metallic.     Col.  brass-yellow.    Str.  black.     B.  fusible. 
Found  at  Bacaranao  in  Cuba. 

Towanito. — Pyramidal  Copper  Pyrites.  Yellow  Copper  Ore,  ChaJkopyrite.^ 
Cu.2  S  -h  Fe.2  S3,  pyramidal.  H  3*5  —  4-0  G  41  —  4-3.  Case  7.  Fnw.ocn- 
choidal.  Opaque.  Lus.  metallic.  Col.  brass-yellow.  Str.  greenish-black.  Slightly 
brittle.  B.  fusible.  Soluble  partially  in  nitro-muriatic  acid.  It  sometimes  contain, 
traces  of  silver  or  gold. 

Oocnrs  in  beds  and  Terns  with  several  other  minerals.     Saxony,  Bohemia,  Norwi^ 
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Sweden,  the  Hartz,  Cornwall,  Anglesea,  Derbyshire,  Cumberknd,  Perthriiir%  ^BfaeflancU 
Wicklow,  Hungary,  Siberia,  No^rth  and  South  America,  AMca,  Japan.  An  impcdrtanttttvejE^ 
copper.    Also  used  in  the  maikiufacture  of  blue  ntriol,  or  sulphate  of  copper. 

^atxinite-  —  Flumbo  cupriferous  sulphuret  of  Bismuth,  Nadden.tifaBib  fOre 
Arikinite.  Aciculite'-(ZCxi.^  S  +  Bi.  S^)  +  2  (Pb.s  S  +  BL  S»)  pxisma;U«*  M  2-0 
—  2'5  G  6*75.  Opaque.  Lus.  metallic.  Col.  Blackish  lead-gray*  Sb\  .hUiAk^ 
gray.    Slightly  brittle.    B.  easily  fusible.    Partially  soluble  in  nitrie  acid. 

Imbedded  in  quartz,  associated  with  gold.    Beresow  in  Siberia.  .        i- 

BtxameyetAtibu—Sulphuret  of  Silver  nnd  Copper,  ArgeniSferom^Qepper'^ffyHM^^ 
Gu.3  S  +  Ag.  S  pzismatic.  H  2-5  —  3-0  G  6*255.  Case  10.  fWe,  i^ot^^'^Mk 
Opaque.  Lus.  metallic.  Col.  blackish  lead-gray.  Str,  the  Bame,«huaDgk .  JBecfdctly 
aectile.     B.  fusible.     Partially  soluble  in  nitric  acid. 

A  rare  mineraL     Schlangenberg  in  Siberia,  Chile,  Silesia.  i     *:        - 

^k9Ci%tk.9L.—8ulphuret  of  Lead,  Eexahedral  Lead  Olande,  Shi I^.-^Th^-^iM^i 
H  2-6  G  7-4  .  .  .  7-6.  Case  8.  B.  fusible.  Soluble,  partially  fti'ititrtb'4'ctJ.  J^W. 
conchoidal.  Opaque.  Lua.  metallic.  Col.  lead-^;ray.  v6^  the  wane,  Bafther 
aectile. 

Occurs  very  abundantly  in  rocks  of  the  most  different  formations.  Saxony,  JBohemia, 
the  Hartz,  Hungary,  France,  Norway,  Sweden,  Spain,  Silesia,  Nortii  AmMllbliv^4IMfddand, 
Cumberland,  Durham,  Northumberland,  Flintshire,  Wales,  ceT^^ifal  .^ftcea  Xti  6b6tlitill. 
This  is  the  ore  which  yields  most  of  the  lead  which  is  produced ;  it  sometimes  contains;^ 
small  quantity  of  silver,  which  is  extracted  from  it.  Galena  reduced  to  powder,  or  the 
litharge  produced  from  it,  is  used  for  glazing  ooarse  potter^.  ' 

BteinmiKhxdte,--^OetahedratLe(td  Glance.— Th^,^'^,  tiATe.^^tt  dH5'83, 
Prae.  uneven.  Opaque.  Ltts.  metallic.  Vol.  lead-gr&y.  "Str.  ^fky^  s'Tiifi'ifig.  Secitiie. 
B.  fusible. 

Found  at  Pezibram,  in  Bohemia,  with  silver,  blende,  pyrite,  and  quartz. 

Bismuthiae^—Sulphuret  ofJBimuthy  PristMiHeJSiemitih  G^mfi^j-^Si^lfiHamMi^ 

H  2-0  G  6-4  —  6-5.  Case  9.  Frac.  imperfect,  conchoidal.  .<&p*^tle.  £)««^.  intetldfic. 
Col.  lead-gray.    Sir.  the  same.    B.  easily  fusible.    Soluble  ^asiJ^iA-xujiviiitfo&' 

Bather  a  rare  mineral.  Sweden,  Saxony^  Bohemia,  (Iforta^  4Elibeeiay  ^Obmwill)  «i^ 
Cumberland.  .;  .  .  . 

Staniiine.-^M?pA«r6^  of  Tin,  Tin  iV»?iVflt.*--(2Cu«  B  +  fel  8%)  4-'  (2PiB^8+Sn  S^) 
cubic.  H  4-0  G  =  4*3  —  4*51.  Case  9.  .Fra(\  uneven.  =Opag^lJe.;  ..^^.-la^^c. 
Col  steel-gray,  inclining  to  bronze-yellow.  iSUr.  l)ladfc.  Brittle.  .\Bi  i^ble,  "Blw 
solution  in  nitric  acid.  .,-.:: 

,  Found  in  veins  in  Bohemia  and  Cornwall.  Sometimes  called  be]I-paietal|Qf%.^ioin  its 
yellowish  tinge;  distinguished  from  copper  pyrites,  and  feJilerz1by"its  colour  ^d  .^Utck 
streak.  ■  ■-  ••  '^''  .•-•----•- 

CiontLbaXn—Sulphurei  of  Jif^eUry,  Tentonious  Ituhy  '^lende.-^'B.^'P  Apn^hohl^ 
dzal.  H  2-5  —  G  8-0  —  8-2.  'Case  9.  SeimtraiMparent,  transluceiit  on'  tlie  edges. 
Lus.  adamantine.  Col.  cochittehl-tiEfa,  pftSsmg  ihtb 'fea^-^&y  iind  scailet-fed.  jStr. 
Boarlet.    S€yatila-.it8dh|^ieioTiitr<sft.iSti^ifctio«^  .-->-'>....'! 

-  -Ift  becte  and^*«ll4tfr.'-  -B^in,  eyBfi,::te(ohetiii'a,  ^ttXdtty,  ftife  'Eii*W,  the 'tiraI,",Aexico,  Peru, 
China,  Japan.  It  is  the  most  abundant'ifiWl  Wj^^Wtit  bre  df'  tofeicui^.  -  -fifinimh  iff  j^ 
cinnabar,  and  is  used  as  a  pigment  afi;^|A, poloniisg  r^d^i^aJi^g-lrttKi     .y..  i  i  .: 


J^ 


500  SULPHIDES. 


Axgentite. — Sulphuret  of  SUoer^  HenkeUte^  Hexahedral  Silver  Glanee.^Ag  S  cubic. 
H  2*0  —  2*6  G  7*196.  Case  10.  Frac,  uneven,  hackly.  Opaque.  Lus.  metallic. 
CM.  bladdsb,  lead-gray.  Str.  ahining.  Malleable.  B.  fusible.  Soluble  partially  in 
ooncentrated  nitric  acid. 

Found  in  veins.  Saxony,  Norway,  Bohemia,  Hungary,  the  Hartz,  Spain,  Sardinia, 
Siberia,  Mexico,  Peru,  Cornwall.    A  valuable  silver  ore. 

Stmrhheieitm.  —  Flexible  Silver,  Prismatic  Eutom  Glance,— -kg  S  +  2Fe*  S' 
pxismatic.  H  10  —  1'5  G  4*215.  Case  10.  Lua.  metallic.  Col.  pinchbeck-brown. 
Str,  black.  Sectile.  B.  fusible.  Decompofiible  by  nitro-muriatic  acid,  leaying  sulphur 
and  chloride  of  silver. 

Found  in  veins  with  pyrargyrite  and  argentite.    Bohemia  and  Saxony. 

Antlmonite. — Sulphuret  of  Antitfwni/y  Gray  Antimony,  Prismatic  Antmony 
Glance.S\i  S»  priflmAtic.  H  2*0  G  46  —  4*7.  Case  10.  Frac.  conchoidal,  imper- 
fect. Opaque.  Lua.  metallic.  Col.  lead-gray.  Str.  lead-gray.  Sectile.  B.  fusible. 
Soluble  in  warm  hydrochloric  acid. 

Found  in  veins  in  granite  and  slate  rocks.  Hungary,  Transylvania,  Saxony,  the  Hartz, 
France,  Tuscany,  Cornwall,  Spain,  North  and  South  America.  Almost  the  only  ore  of 
antimony  found  in  sufficient  quantities  for  commercial  purposes. 

PlnauMiiter— CoptTJary  Sulphuret  of  Antimony,  Federerz.  —  2  Pb  S  +  Sb  S' 
H  3-0  G  6-7  —5-9.  Case  10.  Opaque.  Lus.  metallic,  feeble.  Col,  blackish  lead-gray. 
Sectile. 

Found  in  flexible,  fine,  capillary  crystals  in  veins  with  antimonite,  galena,  &o.  The  Hartz. 

Bommonite. — Plumbo-eupriferoua  Sulphuret  of  Antimony,  JHprismatio  Copper 
Glance.-{Z  Cu^  S  -4-  Sb  S^)  -f  2(3  Pb  S  -f-  Sb  S3)  pxIsmaUc.  H  2*5  —  3*0  G  6-70  - 
5'87.  Case  11.  Frac.  conchoidal,  uneven.  Opaque.  Lus,  metallic.  Col,  steel-gray 
Str,  the  same.    Brittle.    B.  fusible.    Partially  soluble  in  nitric  acid. 

Found  in  veins  in  slate  rocks.  The  Hartz,  Saxony,  Transylvania,  Hungary,  Savoy, 
France,  Piedmont,  Cornwall,  Devonshire,  Siberia,  Mexico.  Used  as  a  copper  ore  when 
found  in  sufficient  quantity. 

Wolchit€^—Antimonial  Copper  (?2an«e.— pxismatic.  H  3*0  G  5*7  —  6'8* 
Frac,  imperfect,  <}onchoidal.  Opaque.  Lus,  metallic.  Col.  blackish  lead-gray.  Str.  the 
same.    Brittle.    B.  fusible. 

Found  in  a  bed  of  chalybite  at  St  Gretrand  in  Carinthia. 

WolUbeT^itm,— 'Sulphuret  of  Copper  and  Antimony.— €u^  S  -|-  Sb  S^  prismatic. 
H  3*6  G  4*748.  Frac.  conchoidal,  uneven.  Opaque.  Lus.  metaUio.  Col  lead-gniy» 
iron-black.    Str.  black,  dull.    B.  fusible. 

Found  with  quartz  and  other  minerals  at  Wolfeberg  in  the  Hartz. 

Boulangezite.— ^M^pAur^  of  Antimony  and  Lead,  Embrithite,—^  Pb  S  -)-  Sb  S> 
H  3-0  G  5-96  —  60.  Case  11.  Opaque.  Lus.  metallic.  Col.  blackish  lead-gray. 
Str,  darker.    Slightly  brittle.    B.  fusible.    Soluble  in  warm  hydrochloric  add. 

Found  in  granular  or  fibrous  masses.    France,  Sayn,  Lapland,  Siberia. 

Schulsite.— (?eoAToni^«,  KiUmckenite.—6  Pb  S  -|-  Sb  S'  pxismatic,  H  25 — 
3*0  —  G  6-8  —  6*54.  Frac,  conchoidal,  even.  Opaque.  Lus.  metallic  CoL  lead- 
gray.    Str.  the  same.    Brittle.    B.  easily  fusible. 

Found  in  galena.  'Spain,  Tuscany,  Sweden,  Ireland. 
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TAndL^niim^—Rhombohedral Dtjatom  OhfUfe.—Vh S  +  3b  S^ priflmAtio.  H  30 
—  3*6  Q  5*30  —  5'35.  Case  11.  Frae,  imeyen.  Opaque.  Lu8,  metallic.  Col  dark 
steel-gray.  Str.  the  same.  Slightly  brittle.  B.  fusible.  Decomposed  by  warm 
hydrochloric  acid,  forming  chloride  of  lead. 

Found  in  a  vein  with  antimonite  and  quartz  at  Wolfisberg,  in  the  Hartz,  and  near  St 
Trudport  in  the  Black  Forest. 

JaiiM«onlt«. — Axotomoua Antimony  Glance. — 3 Pb  S  +  2Sb S^ priflmAtio.  H 20 
2*5  G  5*564  —  5-616.  Case  11.  Opaque.  Xm«.  metallic.  Co/,  steel-gray.  Sir,  the 
aame.  Ductile.  B.  easily  fusible.  Decomposed  by  warm  hydrochloric  acid,  forming 
chloride  of  lead. 

Found  sometimes  with  boumonite.  Cornwall,  Estramadura,  Hungary,  France,  Siberia, 
Brazils. 

Bexthierite.— ^awitM^0rtVtf,  Sulphuret  of  Antimony  and  Iron, — ^Fe.  S  -)-  Sb  S' 
H  20  ....  30  G  4*0  —  4-3.  Case  11.  Frao,  uneven.  Lm.  metallic;  Col.  iron- 
black.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  crystalline  masses  in  gneiss.  Auvergne,  La  Creuse,  Saxony,  Hungary. 
Yields  antimony  of  suoh  inferior  quality  that  the  manufacturers  cannot  use  it. 

Steplianite.— PnV^29  Sulphuret  of  Silver,  Priatnatio  Melane  Olanee,  Black  Sulphuret 
of  Antimony  and  Silver. --6  Ag  S  -f  Sb  S^  prismatio.  H  2-5  G  6  2  —  6-3.  Case  11. 
Frac,  conchoidal,  uneven.  Opaque.  Lua.  metallic.  Col  iron-black.  Sir,  the  aame. 
Sectile.    B.  fusible. 

Found  in  veins  in  crystalline  slate  rocks,  transition  rooks,  trachyte.  Saxony,  Bohemia, 
Hungary,  the  Hartz,  Mexico.    This  is  a  valuable  ore  of  silver. 

Pyoufltite.— J20(i  Silver,  Bt^-bhnde.—Z  Ag  S  -t-  As  S*  vhombohedzal.  H  20  — 
2*5  G  5*5  —  5'6.  Case  11.  /Vao.  oonchoidal,  uneyen.  Semi-transparent.  i4<«.  ada- 
mantine. Col.  cochineal-red,  carmine-red.  Str.  Aurora-red.  Slightly  sectile.  B.  easily 
fusible.    Soluble  partially  in  nitric  acid. 

Found  with  other  minerals  in  veins.  Saxony,  Bohemia,  Baden,  Alsace,  Dauphin6,  Spain, 
Mexico,  Peru. 

Fynurgyrito. — Red  Silvery  Sulphuret  of  Silver  and  Antimony,  Rhombohedral  Ruhy^ 
hUnde.  3  Ag  S  -f  Sb  S3  rhombohedzal.  H  2*0  -  2*5  G  5*75  -  5-85.  Case  11. 
Frae,  oonohoidaL  Translucent  on  the  edges.  Opaque.  Lue,  adamantine.  Col.  ada- 
mantine-red, blackish  lead-gray.  Str,  cochineal-red,  cherry-red.  Slightly  sectile* 
B.  easily  fusible.    Soluble  partially  in  nitric  acid. 

Found  in  veins  in  cr3rBtalline  slate  and  transition  rocks,  granite  and  trachyte.  The 
Hartz,  Saxony,  Bohemia,  Baden,  Hungary,  Mexico,  Cornwall.  Distinguished  from  red 
orpiment  by  the  yellow  streak  of  the  latter  and  its  specific  gravity;  from  cinnabar  by  forming 
a  metallic  globule  before  the  blowpipe.    A  valuable  ore  of  silver. 

Vt^MiX^jAttr^Hemiprimatie  Ruby-blende.-^Ag*  S  -f  Sb  S^  oblique.  H  2*5 
G  5*3  —  5 '4.  Case  11.  Frac.  imperfect,  conchoidal.  Opaque.  Lue,  adamantine. 
Col  blackish  lead-gray.  In  thin  splinters,— blood-red  by  transmitted  light.  Str, 
Oherry-red.    Very  sectile. 

A  very  rare  mineral,  from  Baiinsdorf,  in  Saxony. 

XoboUito.— ^M/oAMTf^  of  AnUmony,  Lead,  and  Ri9muth,'^{Z  Fe  S  +  2  Sb*  S>)  + 
4  (3  Pb  S  -t-  Bi>  S3}.  Soft.  G  6'29  —  6*32.  Case  11.  Opaque.  £tM.  metailio. 
Cd,  dark  lead-gray.    Sir,  black. 

Found  in  the  cobalt  mine  of  Hvena,  Sweden. 
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'Red  Antimony^  PrUmaiic  Purple  Blende  Stdphuret  of  Osnde  of  Antimomf. 
*4n>  0>  +  2  8b  8*  olbUqvA.  H  1-5  G  4*5  —  46.  Case  S8.  Faintly  traiialaoeiit 
Lm.  adamantine.  CoL  cheiry'recL  8tr,  the  same.  Sectile.  B.  fusible.  ScdnUe  in 
hydrochloric  acid. 

Foond  in  yeins  in  crjrstalline,  slate,  and  transition  rocks.  Saxonj,  Bohemia,  Hun^^, 
Daaphine. 

ViMfjknMm.-'Hemifmemaiie  Dyetom  Glanee.—4  Pb  S  +  3  Sb  S«  obUqw.  H  2-5 
O  5*4.  Caae  12.  Frae,  imperfect,  oonchoidaL  Opaque.  Lue.  metallic.  CM.  blackish 
lead-gray.    Bir,  the  same.    Brittle.    B.  fosible. 

Found  in  a  rein  of  quartz.    Wolfaberg,  in  the  H&rtz. 

Feuetblende.— H  2  0  G  4*2  oblique.  Translucent.  Lu$.  pearly.  Sectik  tad 
zather  flexible. 

Found  in  the  Kurprinz«  near  Freiberg,  and  at  Andreasber^ 

T9J^en.—0ray  Copper,  Tetrahedral  Coppmp  Glmm.  (4  Pb  S,  4  Fe  8»  4  Zn  8^ 
4  Cu2  S)  +  Sb  S3  cubic.  H  30  —  40  G  4-6  —  52.  Case  12.  Frae,  coochaidal, 
uneven.  Opaque,  hue.  metallic,  CoL  steeUgray,  iron-hlack.  Sir.  blftck^  dark  red. 
Bather  brittle.    B.  fusible.    Decomposed  by  nitric  acid. 

Found  in  beds  and  Teins.  The  Hartz,  Nassau,  Tyrol,  Transylvania,  Hungary,  Bohemia, 
Siberia,  Mexico,  Chili,  Peru,  Cornwall,  Devonshire,  East  Lothian.  Accompanies  copper 
pyrites,  is  worked  as  a  copper  ore,  also  occasionally  for  the  silver  it  contains. 

Freieslebenite.— /9a^Aur^^  of  Silver  and  Antimony,  Peritomous  Antimony 
€Ranee.—{h%  S  +  Sb  S>)  -f-  2  (3  Ag  8  +  Sb  S^),  the  Ag  is  sometimes  replaced  bj 
Pb.  Oblique.  H  2  5  G  6-19  —  6'3S.  Frae.  uneven.  Opaque.  Lue.  metellic. 
a>iL  steel-gny.    iS^.  the  aame.    Brittle.    B.  fumble. 

A  very  rare  mineral,  ionnd  in  veins  in  gneiss,  Freibnrg  in  Saxony. 

Qr^kmmmtn— Yellow  Stdphuret  of  Areenie,  Prisfnaioidal  Snlphttr.     As.  S*  yi'ii 
malic.    H  1*5  —  G  3'48.    Case  12.    Semi-transparent,  translucent  on  the  edge^ 
Iau.  resinous.     Col.  lemon  yellow.     Sectile.     Soluble  in  mtro-mnriatic  acid. 

Found  in  beds  and  in  veins.  The  Hartz,  St  Gotthardt,  the  Tyrol,  Solfatara,  Vesuvius, 
Qnadakrape,  Japan.    Employed  as  a  pigment 

BealgeT. — Bed  Sulphuret  of  Aremie,  Memipriematie  Sulphur. — As.  8^  oblique. 
H  1*5  G  3*556.  Case  12.  Frae.  conchoidaL  Semi-transparent,  translucent.  Lue. 
resinous.  Col  aurora  red.  Str.  orange  yellow.  Sectile.  B.  fusibla  Partially 
soluble  in  hot  nitro-muriatic  acid. 

Found  in  veins.  Transylvania,  Hungary,  Bohemia,  Saxony,  the  Hartz,  Baden,  Hun- 
gary, St  Gotthardt,  the  Tyrol,  Peru,  United  States,  Vesuvius,  iBtna,  Japan.  Used  as  a 
pigment 

ISiepickel.^ — Arsenical  Iron,  Prismatic  Arsenical  Pyrites. — Fe  S-  +  Fe  ha. 
psismatic.  H  5'B  G  6*0  —  6*3.'  Case  12.  Frae.  uneven.  Opaque.  Lue.  metallic. 
Col.  silver- white.    Str.  grayish-black.     Brittle.     B.  fusible.     Soluble  in  nitric  add- 

Found  in  veins  and  beds.  Saxony,  Bohemia,  Silesia,  Hungary,  Transylvania,  Swedes, 
Cornwall,  Norway,  United  States.  Worked  as  an  ore  of  arsenic,  the  white  oxide  of  cob* 
merce  being  principally  obtained  from  it 

UnftrMMyslte.— 2  Pb  S  +  As  S^  euble.  G  6-549.  Fru§.  niMmu.  Opaque. 
Lus.  metallic  CoL  steel-grey.  Str.  reddish-brown.  Brittle.  B.  fosible.  Decom- 
posed by  hot  nitric  acid. 

Found  in  narrow  veins  in  the  dolomite  of  St  GotOardt 
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Zant]iM0iM..--(3  Ag  S  +  As  S'')  +  2  C^  Ag  S  -^  As  S«).  ihomlbohadMa. 
H  20 ~ 3*0  G  =  5*158  — •  6'191.  Frae,  Qonchoidal^ luieyQii.  Traxuparent,  translucent. 
Lu8,  adamaxitine.  CoL  orange  jellow-brown.  Sir,  the  same>  daiker.  Brittle. 
B.  fiudble. 

Found  in  the  HimmeLifiirst  mine  near  Vieibevg  in  Sioony. 

Cobaltine.— ^r^A^  White  Cobalt,  Hexagonal  Cobalt  Pyrites,  Cobalt  Glance,— 
Co  S2  4-  Oo  As.  emM«.  H  5  5  G  6*1  —  6-3.  Case  12.  Frae.  imperfect,  conchoidal, 
vneyen.  Opaque.  Lut,  metallic.  CoL  silrer-white.  8ti\  grayish-black.  Brittle. 
B.  foiible.    Soluble  in  yrarm  nitric  acid. 

Found  in  beds  in  crystalline  rocks.    Norway,  Sweden,  Silesia,  the  Banat. 

Glaucodote— B  S^  +  ^  As  where  B  is  Go  and  Fe.  pxiamatie*  H  5*0 
G  =  5-975  —  6*003.  Opaque.  Lus.  metallic.  Col.  dark  tin-white.  Sir,  black.  B. 
fusible. 

Found  in  reins  in  chlorite  slate.    Huasko  in  Chili. 

BKolybdenitoi — Sulphuret  of  Molybdena,  IHrhombohedral,  IkUom  &lsmee. — Mq  9^. 
shonboliedzal..  H  10  —  1*5  G  4*5  ~  4*6.  Case  12.  Opaque.  Zus.  metallic. 
Col.  lead-gray.    Str,  the  same.    Very  sectile.    Green  solution  with  hot  nitric  aoid. 

8axony»  Bohemia,  Sweden,  Norway,  France,  United  States,  Fern,  the  Biazils,  Cemwall, 
Cmnberhuid,  Westmoreland,  Inyemess-shire. 

▼oltxiae.— 4ZiiS  +  ZNS.  H  4*5  G  3-66.    Frac.  conchoidal^  tramluoent  on  tihe 

edges.    Opaque.    Ltts.  pearly.  Col.  brick-red. 

Found  in  a  vein  of  quarts.  Bosi^res,  Fuy  de  Pobm  in  France,  and  in  some  zinc 
fomaoes. 

Manganite* — Gray  Oxide  of  Manganese,  PrisinatoidaZ  Manganese  Ore. — Mn^O'  -f- 
BG.  pKiflinati**  H  3*5  —  40 G  4*22  —  4.34.  Case  13.  Opaque.  Lus,  metalHe,  im- 
peocfeotv  Cd,  dark  steel-gray,  brownish,  black-yelyet-black.  Sir.  reddish-brewA. 
Brittle.     B.  infusible.     Soluble  in  hydrochloric  acid. 

Found  in  yeins  in  porphyry,  gneiss,  and  cavities  oi  amygdaloidal  trap.  1h»  Hartz, 
Thuringia,  Aberdeenshire,  Norway,  Sweden,  Nova  Scotia.  The  purest  and  most  beautiftdly 
oystaBized  ore  of  manganese. 

Pyrolusite. — Prismatic  oxide  of  Manganese,  Anhydrous  Peroxids  of  Manganesi$,'^ 
Mn02.  pzismatic.    H  2-0  —  2-5  G  4*7  —  5*0.      Case  13.      Frac.  uneven.     Opaque. 
Col,  dark  steel-gray,  light  iron-black.     Brittle.     B.  infusible.     Soluble  in  hydrochloric   , 
aeid. 

Found  ad  Thuringia,  Moravia,  the  Hartz,  Saxony,  Bohemia,  Austria,  Silesia,  the 
BraailB.  It  is  an  ore  of  manganese  moet  extensively  worked  in  many  countries.  It  derives 
its  name  from,  m;^  Jhre,  and  Xoum  I  VHuh,  on  account  of  its  property  of  clearing  ^^LasB 
from  its  brown  and  green  tints,  a  property  which  makes  it  of  great  value  to  the  manufae- 
torer.     Varvasilc  is  supposed  to  be  a  mechanical  mixture  of  pyrolusite  and  mangianiie, 

Folianito.— MnO(2.  prtsnatio.  H  6*5  —  70  G  4*838  —  4 880.  Cka»  18. 
Opaque.  jE«y.  metalKc,  feeble.  Col.  Kght  steel-gray.  Str.  gray.  B.  infUsible. 
Soluble  in  hydrochloric  acid. 

Found  in  Bohemia,  Saxony,  and  Siegen. 

P»iloiBLalanft> — Vhelsavabk  Manyantse  Or$y  iomfioct.  andjUroug  Ma»gansa€  Ofn^ 
or  Black  Eematita,— A  imi>T>lwii«,    H  5  0  —  6*0  G  3;7  -^  4*4.     Case  18.    i^. 
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even,  flat,  conchoidaL  Opaque.  Iau,  metallic,  imperfect.  CoL  bluish-black,  grayish- 
black,  dark  steel-gray.     Str.  brownish-black,  shining.    Brittle. 

The  Hartz,  Saxony,  Styria,  Siegen,  Black  Forest,  Silesia,  Bohemia,  Hungary,  Norway, 
Devonshire,  Cornwall,  North  America.  One  of  the  most  widely  diffused  ores  of  manfi^anese : 
it  derives  its  name  ^ik6s  smooth,  and  ftcAtu  black,  firom  its  black  colour  and  smooth 
botryoidal  shapes. 

Braunite. — Brachyiypous  Manganese  ^tf.— Mn^O*,  pyramidal.  H  6*0  —  6*5 
G 4-8  —  49.  Case  13.  Frac.  uneven.  Opaque.  Jm8,  metallic,  imperfect.  Cd. 
dark  brownish-black.  8tr.  brownish-black.  Brittle.  B.  infusible.  Soluble  in 
hydrochloric  acid. 

Found  in  veins  in  quartzose  porphyry.  Thoringia,  Mannsfeld,  Westphalia,  Piedmont 
Distinguished  from  other  ores  of  manganese  by  its  hardness. 

Hausmannite. — Pyramidal  Manganese  Ore,  BJaeh  Manganese. — MnO  -{-  Mn*0', 
pyramidal.  H  60  —  6'6  G  47  —  4*8.  Case  13.  Frae.  uneven.  Opaque.  Im. 
imperfect  metallic.  Col.  brownish-black.  8lr.  dark  reddish-brown.  B.  infusible. 
Soluble  in  warm  hydrochloric  acid. 

Found  in  veins  in  porphyry.  Oehrenstock  in  Thuringia,  Shelefield  in  the  Hartz. 
Bather  a  scarce  mineral. 

Wad. — Hydrous  Oxide  of  Manganese,  Earthy  Mar»ganese. — Amovphovs.    H  6*5 

G  21 79  —  3-700.  Case  13.  Opaque.  Lus.  imperfect,  metallic,  feeble.  CoL  clove- 
brown,  passing  into  gray.  8tr.  brown,  shining.  Very  sectile,  unctaons  to  the 
touch. 

The  Hartz,  Franconia,  Siegen,  Nassau,  Carinthia,  Piedmont,  Mayenne,  Arriege,  Connrall) 
and  Devonshire.  Supposed  to  afford  the  colouring  matter  in  dendritic  delineations  upon 
limestone,  steatite,  and  other  substances. 

Oiedn^tiim,— Oxide  of  Manganese  and  Copper,— Cn  0  +  (Mn  0  +  Hn*  0^ 
oblique.  H  4-6  -  60  G 4*89  —  607.  Frae.  uneyen.  Lus,  metallic.  Col.  iron 
black.    Str.  black.    Soluble  in  hydrochloric  acid. 

Found  at  Friedrichrode  in  Thuringia. 

Senazmontite.— Sb  0'.  cnbic^  H  2*6  —  30  G  622  —  6*30.  Frae.  xmsvea. 
lamellar.  Transparent-translucent  Lus.  resinous.  Colourless.  Sir.  white.  B.  fusible. 
Soluble  in  nitro-muriatic  acid. 

Found  at  Sensa  in  Algiers. 

VULSattitmM--Magnetie  Iron  Ore,  Octahedral  Iron  Ore,  Oxydulated  Irotu—Fe  0  + 
Fe^  03.  cubic.  H  55  —  6*6  G  4*96  —  6-20.  Case  14.  Ihie.  conchoidal,  uneven. 
Opaque.  Lus.  metallic.  Col  iron  black.  Sir.  black.  B.  fusible  with  great  difficulty. 
Soluble  in  warm  hydrochloric  acid,  highly  magnetic,  more  so  than  any  other  ore  of 
iron. 

Found  in  Norway,  Sweden,  Lapland,  the  Ursl,  the  Hartz,  Saxony,  Bohemia,  Conica, 
Elba,  the  Savoy,  Spain,  New  York,  New  Jersey,  Mexico,  the  Brazils,  East  Indies,  ComwaU, 
Wieklow.  Sib^ia  and  the  Hartz  produce  the  most  powerftd  natural  magnets  or  loadstones. 
This  ore  is  distinguished  from  specular  iron  by  its  streak  and  action  on  the  magnet;  itis  s 
very  valuable  ore,  the  steel  made  frt>m  its  iron  being  excellent  in  quality. 

Hematite.— jS'pMMZar  Iron,  Red  Iron  Ore,  Rhombohedral  Iron  Ore,  Iron  Gland, 
Oligiste /ron.->Fe* 0^.  rhombobedzal.  H  55  —  66  G  6-0  —  6*3.  Case  16.  Frae. 
conchoidal,  uneven.     Opaque,  yery  thin  laminss  translucent     Ims.  metallic.     Col. 
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steel-gpray,  iron  black.   3tr,  oherry-red,  reddish-brown.    Brittle.   B.  infusible.  Soluble 
in  warm  hydrooblorio  acid. 

Found  chiefly  in  beds  and  veins  in  the  older  rocks.  Elba,  the  Alps,  Saxony,  Brazils, 
Salzburg,  Cornwall,  Lanarkshire,  Siberia.  A  considerable  portion  of  the  iron  produced  in 
different  parts  of  the  globe  is  obtained  from  this  ore ;  it  requires  a  greater  heat  than  some 
other  ores,  but  affords  an  excellent  metal.  Ground  hematite  is  used  for  polishing  metals 
and  glass,  and  also  as  a  colouring  substance. 

Gothite. — Prismatie  Iron  Ore,  Hydrous  Oxide  of  Irony  Broum  hematitey  Pyrrhoeiderite 
OnegiU,—^^  0^  +  H  0.  pzismaUc.  H  6-0  -  6-6  G  4*12  —  4-87.  Case  16.  Frae, 
imperfect,  conohoidal.  Translucent  on  the  edges.  Opaque.  Lus,  adamantine.  Col. 
yellowish-brown,  reddish-brown,  blackish-brown.  8tr,  yellowish-brown.  Brittle, 
B.  fiisible  with  great  difficulty.    Soluble  in  hydrochloric  acid. 

In  veins  and  cavities.  Clifton,  Cornwall,  Oberstein,  Bavaria,  Nassau,  Saxony,  Silesia, 
Bohemia,  Hungary,  Bussia,  Mount  Sinai,  Brazils.    A  good  iron  ore. 

Umnite.—^nHTfi  Eematitey  ffydroue  Oxide  oflron.^2  Fe^  0^  -|-  3  H  0  H  5-0  — 
5'5  G  3*4  —  3*95.  Case  16.  Opaque.  Lue.  resinous.  Col.  yellowish-brown,  blackish- 
brown.    Str.  yellbwish-brown.    Brittle.    Soluble  in  warm  hydrochloric  acid. 

Carinthia,  Styria,  Hungary,  Saxony,  Nassau,  the  Hartz,  Black  Forest,  Bohemia,  Silesia, 
the  Pyrenees,  Spain,  Scotland,  Cornwall,  Siberia,  Brazils,  United  States. 

Tiurgite.— 2  Fe^  0^  -f-  H  0.  masslTe.    H  50  G  3-56  -  3*74.    Frae.  even,  con- 
choidal.    Opaque.    Lua,  dull.     Col.  brownish-red.    Str.  blood-red.    B.  infusible. 
Found  in  copper  mines  in  the  Ural  and  the  Altai. 

Oupiite, — Red  Oxide  of  Copper,  Ruby  Copper,  Octahedral  Cqppei*  Ore.-— Cu^  0. 
onbio.  H  3-5  —  4-0  G  589  —  615.  Case  17.  I^ae.  conchoidal,  imeven.  Semi- 
transparent,  translucent  on  the  edges.  Lua,  adamantine.  Col.  cochineal  red,  lead- 
gray.  Str.  browmsh-red,  shining.  Brittle.  B.  reducible.  Soluble  in  nitric  acid,  and 
in  ammonia* 

Found  in  beds  and  veins  in  granite  and  crystalline  slate  rocks.  The  Banat,  Siberia, 
Lyons,  Cornwall,  Cuba,  Spain,  Saxony,  Norway,  Australia,  Peru  and  Chili.  When  found  in 
sofflcient  quantity  one  of  the  most  valuable  ores  of  copper. 

Ice.— H  0  vhombohedzal.  H  1*5  G  0*918  at  0*"  centigrade.  Frae.  conohoidal. 
pellucid.    Lu8.  vitreoufl.     Sectile,  rather  brittle. 

Hexagonal  prisms  said  to  be  observed  in  the  levels  of  the  Lorenz  Gengentrum  mine  near 
Freiberg. 

Ijite.— It  0^+  Ob  0«,  Cr  0^  probably,  onbio.  =  6056.  Case  2.  Lus.  metallic. 
CM.  iron  black.    Insoluble  in  acids. 

In  fine  scales  in  cavities  of  the  larger  pieces  of  platinum,  and  in  the  ferruginous  platinum 
sand  of  the  Ural. 

PezlolaM  — Mg  0.  onbio.    H  6-0  -  G  375.     Transparent.     Lue.  vitreons. 
Col.  dark  green.    B.  infusible.    Soluble  when  in  powder  in  acids. 
Foimd  in  Monte  Somma  near  Naples. 

Bxnotto. — Rhombohedral  Kuphon  GUmmer.—'Mg  0  +  HO.  vhomboliedyal. 
H  2*0  G  2*3  —  2*4.  Frae.  scarcely  observable.  Semi-transparent-translucent  Zw. 
pearly.  Col.  white,  sometimes  inclining  to  gray  and  green.  Str.  white.  Sectile. 
B.  infusible.    Soluble  in  acids. 

Foimd  in  serpentine.    New  Jersey,  New  York,  Scotland,  Siberia. 
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iCr-Bimuahoehre,  Oxide  of  Blmmth.-^IA  0».      Soft      G  4-aCl. 
Case  17.    fVoc.  uneyen,  earthy.     Opaque.    Liu,  adamantim^  feeble,    €UL  jeQov-gzay, 
vaciftllle.    B.  redaraUe.    Soluble  in  nitric  add. 
"FmroiBL  with  bismuth  in  Saxonj,  Bohemia,  Siberia. 

Zn  0.  ahombohedzaL    H  40  -  i-5  G  5*43  —  5-^    Case  17.    i^«A  cnaehoiiM, 

Tranalacenfc  on  the  ed^es*  Lusl  adamantine ;  vhan  pure  eolouxless,  uauallj  red, 
ii^iTiing  to  yellow^.  Sir,  arange-yellow.  Brittle.  B.  infasiUe,  SolaUe  uk  nitric 
aeid. 

Foand  in  beds  viih  franUinite  and  ealcite  in  iron  niasa  in  Kew  Jeraey  aad  star 
Sparta.  Also  found  distinctly  crystallized  in  the  izon  and  sine  fuxnacea  of  Sikiain  and 
Liege. 

TnjkkliniU,--J>oikf«ahsdrml  Iron  6hv— BO  +  B^  0^  wbmQ  B  is  Ye,  Mn,  or 

Zn,  and  BS  Fe,  or  Mn.  cubic.  H  6-0  -  6*5^  G  5*07  -  513.  Case  17.  Frae.  con- 
choidaL  Opaque.  Ltu.  metallic.  Col.  iron-black.  Sir.  dark  brown.  Brittla^  B. 
infusible.    Soluble  in  warm  hydrochlocie  acid. 

Found  with  spartalite  and  calcita  in  New  Jersey;  with  calamine  and  «Tni<;hifniiiiA  at 
Altenberg.    A  rare  mineral,  distinguished  from  magnetic  iron  by  its  streak. 

AB'bolanm.—JEarihjf  Cobalt^  Slack  Cobalt  Ochre,  Slaak  Oxide  of  CobaU.-^i^  0  or 
Cu  0)  +  2  Mn  02  +  4  HO.  anozphoiui.  H  10  —  Vb  G  2-2.  Case  17.  iVw. 
conchoidal.  Opaque.  Lus.  resinous,  glimmering,  dull.  Col.  Bluish  and  brownish- 
black,  blackish-blue.     Sir.  black,  shining.     Sectile.     B.  infusible. 

Found  in  Thuringia,  Hessia,  Black  Forest,  Lusatia,  the  Tyrol,  Siberia,  Cheshire^  Howth, 
near  Dublin.     Used  in  the  manufkcture  of  smalt. 

Pecliurail.— P»^/*  Blende,  Uran  Oahre,  Uraitie,  Oxide  of  Uranium, — U  0  +  U^  0*. 
cubic.  H  6-5  G  6-4  —  6*71.  Case  17.  Frac.  conchoidal,  uneven.  Opaque.  Lm. 
resinous.  Col.  pitch-black,  greenish-black,  grayish-black.  Sir.  greenish-black.  Brittle. 
B.  infusible.    Dissolves  in  hot  nitric  acid. 

Found  accompanying  ores  of  silver  and  lead.  Saxony,  Bohemia,  and  CoouwalL  A 
valuable  ore  for  the  porcelain  painter,  producing  a  fine  orange  colour,  and  also  a  black. 

Minium.— iVa^tV^  Minium,  Red  Oxide  of  Lead,  MennM^ei—Z  Pb  0  +  Bb  0* 
H  20  —  3*0  G  4-6.  Case  18.  Frac.  earthy,  even,  flat,  conchoidal.  Opaque.  Lus. 
resinous.  Col.  aurora  red.  Str.  orange-yellow.  B.  fusible.  Partially  soilvblB  in 
nitric  acid. 

Found  in  veins  in  clay  slate.  Anglesea,  Yorkshire,  Siberin;  often  a  poroduce  of  the 
decomposition  of  other  lead  ores. 

CtLSBitexitt,— Oxide  of  Tin,  Tin  Stone,  Pyramidal  Tin  Ore. — Sn  O*.  pyranilAlL 
H  6-0  —  7*0  G  6:&  —  I'Hk  Case  18.  Frac.  imperfect,  oonohoidal.  Semi-tranipatent 
Opaque.  Lus.  adamantine.  Col.  colourless,  gray,  yellow,  red,  brown-blaok.  Str. 
light-gray,  light-brown.    Brittle.    B.  infusible.    Not  acted  upon  by  acids. 

Fowub  in  vnna  and  beds.  Sumatra,  Slam,  Pegn,  Ifedacca,  Brazils,  Cornwall,  Bohemia, 
Saxony,  Silesia^  Spain,  France,  Mexico,  Chib,  Scweden,  Bussia,  North  and  South  Amerioa. 
A  valofBible  tin  ore  Upwards  of  4J0OO  tons  of  tin  are  annually  obtained,  firom  the  mines  in 
Cornwall.  It  is  extensively  used  for  covering  vessels  of  copper  and  iron ;  alao  in  the 
composition  of  pewter,  and  for  mirrors.  The  muriate  of  tin  is  of  great  value  to  the  dyer 
and  calico  printer. 
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PUttnMite Supertxeyd  of  Lead.-^Vh  0\  rhomboliedzal.    G  9*392  —  9-448. 

JKi<;.  unoYQD.  Opaque.  ■  Ltn,  adamantine.  CW.  iron-blaok.  Str*  brown.  Brittle. 
B.  easily  reduced. 

Supposed  to  have  been  ibimd  at  Leadhilk. 

C— minm  t'^Rhombohednral  Oomndumy  Cormdon. — ^AlO^.  rhombohedral.  H  9*0 
0  &*d8  —  4*08.  Case  19.  Frae>.  oonoboidal,  uneyen.  Transparent,  translucent  on 
the  edges.  Col.  white,  colourless,  red,  blue,  green,  yellow,  brown,  and  gray.  B. 
infusible.    Insoluble  in  acids. 

The  red  varieties  are  called  rubUt  and  the  blue  iappMrea,  and  are  fbond  in  gravel  and 
river  sand  in  Ceylon,  Pegu,  the  Elbe,  Bohemia,  and  Puy  in  France.  The  other  crystallized 
varieties  are  caUed  twrundum^  and  adamantine  apar  when  of  a  brown  colour,  and  are  found  in 
China,  Ceylon,  the  Camatio,  Mysore,  the  Ural,  Piedmont,  Sweden,  Lapland,  New  Jersey, 
Cosmectiottt,  the  Bbine.  The  granular  and  massive  variety  called  emery  is  found  in  Saxony, 
Italy,  Spain,  and  Asia  Minor.  The  red  sapphire,  or  oriental  ruby,  when  perfect  in  colour 
and  transparency,  and  of  a  considerable  size,  almost  rivals  the  diamond  in  value.  Some  of 
the  blue  sapphires,  cut  perpendicularly  to  the  axis  of  the  six-sided  prisms,  present  a  bright 
opalescent  star  with  aix  rays,  and  are  caUed  ttar  aapphiria,  Emery  is  used  extensively  for 
polishing  and  cutting  gems,  stones,  and  other  articles. 

Diaspore.— ^MA;2e»^i0  Liathem  Spar,-^AX  0^  +  E  0.  pzisnatio.  H  5'5  Q  3*30 
—  3'43.  Case  19.  Frac.  conchoidal,  uneven.  Transparent,  translucent.  Lus.  vitreous, 
pearly.  Col.  colourless,  white,  green,  blue,  dark  violet,  yellowish-brown.  Str.  white. 
B.  infusible. 

Found  in  .the  Ural,  Hungary,  St.  Gotthardt,  Ephesas.  An  extremely  rare  mineral 
distinguished  from  Jcyanite  by  its  superior  lustre. 

HydiaxgilUte.— Al  0^  +  3  H  0.  zhombohedzal.  H  2-5  ^  30  G  2-340  — 
2*387.  Case  19.  Lus.  vitreous,  pearly,  bright.  Col.  colourless,  light  reddish-white. 
B.  infusible.    Soluble  with  difficulty  in  hot  sulphuric  acid  or  hydrochloric  acid* 

The  Ural,  Brazils,  and  Massachusetts. 

¥€UUMzite,— 6  Mg  0  -f  Al»  0«  +  16  HO.  vliMibo]ied«a.      G  204.     Lus. 
pearly.     Col.  white.    Unctuous  to  the  touch.     B.  infbsible.    Soluble  in  acids. 
Found  at  Sohischimskaja,  in  the  Ural. 

S'piojeVi^nr-'AIumiHate  of  Magtmia,  Dodecahedrai  CortitidiuH»^'Mg  0  -f-  Al  0^.  The 
Mg  sometimes  replaced  by  Fe,  and  the  Al  by  2  Fe.  GmMo.  H  7*5  —  8*3  G  3*52  — 
3*d5.  Case  19.  Frac.  oonohoidaL  Transparent,  translucent,  opaque  when  black. 
Lus.  vitreous.  Cbl.  white,  red,  blue,  green,  yeUow,.  brown,  black.  Sir.  white.  Brittle. 
B.  infusible.    Insoluble  in  hydrochloric  acid,  partially  so  in  sulphuric  acid. 

lUd  and  violet  apineUey  found  in  alluvial  soil  and  in  the  sand  of  rivers.  Ceylon,  Ava, 
Mysore.  The  scarlet  is  called  the  apinelie  ruby;  the  rose-red,  balaa  ruby;  the  yellow  or 
orange-red,  the  rubiceUe ;  and  the  violet-coloured,  almandine  ruby.  Blue  apinelie  in  granular 
limestone  and  dolomite ;  Sweden,  Finland,  Moravia,  and  Ceylon.  Black  apinelie^  called 
pleonaate ;  Ceylon,  Bohemia,  Montpellier,  the  Tyrol,  Vesuvius,  the  Ural,  New  York.  White 
aipinelle^  flDund  with  blaok  garnet  and  green  augite,  at  La  Bioia,  near  Rome.  Graaa  green 
apinelie,  called  chloro-apinelle,  in  the  chlorite  slate  of  Slatoust,  in  the  Ural.  The  spinelle 
ra^y  is  a  ^em,  and  when  well  coloured  and  large  is  highly  prized.  Distinguished  from  the 
oriental  ruby  by  being  softer,  from  garnet  by  its  lighter  colour,  and  from  red  topaz,  whose 
colour  has  been  produced  artificially,  by  its  not  possesMog  double  refraction. 

0a3mite« — AutomalUe,  Octahedral  Corundum. — Zd.  0  +  -^  O^y  pari  of  the  Z&. 
being  replaced  by  Mg  and  Fe,  and  part  of  the  Al  by  2  Fe.    Oabio.    H  7*6  — »  8*0 
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G  4-23  — 4  29.  Case  19.  Frac.  conchoidal.  Lua.  vitrcoua.  Col,  dark  Icek-green, 
blackisli-green,  grayiah-green,  blue,  black.  8tr,  gray.  Britae.  B.  infusiWfi.  Not 
acted  upon  by  acids. 

Found  embedded  in  talc  slate,  in  Sweden,  Finland,  Coimecticut. 

Chry»obe»yl.— CywopA«Mtf,  Prismatie  Corundum.— Q  0  +  Al  C  pfriwatift. 
H  8-5  G  3C80  —  3-754.  Case  19.  Frae.  conchoidal.  Transparent,  semi-transparant 
Lus.  vitreous.  Col.  greenish-white,  asparagus-green,  oil-green,  greenish-gray.  Sir. 
white.    B.  infusible.     Insoluble  in  acids. 

Found  in  the  Ural,  Connecticut,  New  York,  Moravia,  Ceylon,  Pegu,  the  Brazils.  "When 
transparent  and  cut  with  facets,  it  forms  a  brilliant  yellow  gem.  When  it  presents  its 
peculiar  milky  or  opslescent  appearance,  from  which  it  derives  the  name  of  eymophmut  or 
floating  light,  it  is  cut  en  cabochon.  Chrysoheryl  is  distiuguished  from  moon-atone  and  opakieeiai 
quartz  by  its  superior  hardness ;  from  yellow  topaz  by  not  becoming  electric  when  heated. 

Wolframo€her.—Oa^tfo/r«w^«^e«.— WO',  earthy.  Opaque.  £««.  dulL  Cd, 
yellow.     Soluble  in  ammonia. 

Found  at  Huntington,  in  the  United  States,  with  wolfram  and  scheelite. 

Coraoite.~XP  0^  amoxphons.  H  30  G  4*378.  Frae.  uneven.  Cell,  pitch- 
black.    8tr.  gray.    B.  infusible.    Soluble  in  hydrochloric  acid. 

Found  on  the  north  shore  of  Lake  Superior. 

Plombgomiiie. — Hydrous  Aluminaie  of  Lead,  Phunbo  RerinUe. — (PbO  -{-  2ALH)') 
-f  6H0.  globular  massea.  H  5  G  4*88  —  6-421.  Case  19.  Frae.  conohoidsL 
translucent.  Lus.  resinous.  Col.  yellowish,  reddish-brown.  8tr.  white.  B.  fumble. 
Soluble  in  concentrated  nitric  acid. 

Found  in  Brittany,  Cumberland,  and  Missouri,  in  lead  mines.  Much  resembles  some 
varieties  of  mammilated  blende. 

^'UMXt^.—Ithomhohedral  Quartz,  Poeh  Crystal.— SW.  rhomboliedzaL  H  70 
G  2'5  —  2*8.  Cases  21-24.  JFV-otf.  conchoidal.  p^ansparent,  translucent.  Zcw.  vitreous. 
Col.  white,  colourless,  violet,  blue,  rose-red,  brown,  green.  Str.  white.  B.  infusible. 
Insoluble  in  all  acids  except  hydro^Jluorie  aeid. 

Ameihyat. — This  term  is  now  applied  to  all  the  violet,  purple,  blue,  white,  yellow,  tnd 
green  crystals  of  quartz  which,  when  fractured,  present  the  peculiar  undulated  structure 
described  by  Sir  David  Brewster, — ^it  was  formerly  restricted  to  the  violet  specimens.  The 
finest  violet  amethysts  are  found  in  Siberia,  India,  Ceylon,  and  Persia ;  when  nnifbnn  in 
tinge,  and  transparent,  they  form  a  gem  of  great  beauty.  Crystals  of  inferior  colour  to  theee 
are  found  in  Transylvania,  Hungary,  Saxony,  the  Harts,  and  Ireland.  liVhite  and  yeUov 
crystals  from  the  Brazils,  when  cut,  are  frequently  substituted  for  the  topaz. 

Bock  CryataL — ^This  term  is  ussd  for  the  transparent  crystals  found  in  Switieilan^> 
Savoy,  Dauphin^,  Piedmont,  Quebec,  Bristol,  Ireland,  &c.  When  pure,  it  is  eat  into  knses 
for  spectacles,  called  pabblea ;  it  is  also  used  for  vases  and  other  ornamental  purposes. 

Smoky  Quarts. — ^Applied  to  the  wine-yellow,  dove-brown  crystals  found  in  Seodand, 
Bohemia,  Pennsylvania,  and  the  Brazils ;  also  called  the  Scottish  Mtrn^Mwrn,  and  mndi  vMud 
as  an  omamenttd  stone, 

Roaa  or  Milk  Qmartz. — Massive  quartz  of  a  roee-red  and  milk-white  oolonr,  found  in 
Bavaria,  Finland,  and  Connecticut. 

Praae, — Quartz,  coloured  of  a  dark  leek-green  by  admixture  of  amphibole,  firand  massife 
in  the  iron  mines  of  Saxony. 

5uim/«.— Indigo  or  berUn-Uue  quarts.    Saltzbuig. 

Common  Quarts  comprehends  all  the  massive  varieties  of  quartz  not  mentioned  above ;  it 
is  found  in  great  abundance,  fonning  veins  in  primitive  and  tnaaitioii  xodn,  ■omrti**^ 
many  hundred  foet  in  thickness. 
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HomstoM,  Flinty  Slate,  Lydian  Stone,  and  Flint,  are  names  given  to  the  compound  varie- 
ties of  quartz  which  possess  a  fine  texture. 

Float-atone,  or  epongiform  quartet  consists  of  numerous  minute  white  or  gray  crystals 
of  quartz,  which  will  swim  on  water,  till  the  air  in  its  numerous  cavities  is  displaced. 

Chalcedony  is  a  mixture  of  crystalline  and  amorphous  quartz,  found  at  Chalcedon,  in  Asia 
Minor,  Iceland,  Faroe  Islands,  Hungary,  Western  Islands,  Cornwall,  India,  and  Siberia. 
The  red,  brown,  and  yellow  varieties  are  called  cameliana ;  the  yellow  are  known  to  lapi- 
daries  as  earde,  Most  oriental  cornelians  are  originally  dark  gray,  and  owe  their  fine  red 
hue  to  an  artificial  exposure  to  heat;  found  in  Arabia,  India,  Surinam,  Saxony,  and  Scotland. 

Agates  are  composed  of  irregular  layers  of  chalcedony  of  various  colours. 

Mocha-atone  and  moaa-agatea,  are  transparent  varieties. 
The  onyx  is  formed  of  chfdcedony,  arranged  in  alternate  layers  of  different  colours. 

Caiaeye  is  chalcedony  of  a  brownish-red  or  greenish-gray  colour,  penetrated  by  ami- 
anthus, and  exhibiting  a  play  of  light;  found  in  Ceylon  and  Malabar. 

Chryaopraae  is  of  an  apple-green  colour,  produced  by  oxide  of  nickel ;  found  in  Silesia 
and  Vermont. 

Avanturine  contains  many  minute  fissures  or  else  scales  of  mica,  which  reflect  bright 
points  of  light,  and  give  polished  specimens  a  shining  spangle-like  appearance ;  found 
in  Spain  and  India. 

Plasma,  a  transparent  chalcedony  of  a  grass-green  or  leek-green  colour ;  found  in  India 
and  China. 

Heliotrope,  or  blood-atone,  chalcedony  coloured  by  a  green  earth,  and  containing  spots  of 
yellow  or  blood-red  jasper ;  found  in  Bucharia,  Tartary,  Siberia,  and  the  Hebrides. 

Iron-flint,  Eisenkiesel,  or  ferruginous  quartz,  contains  five  per  cent,  of  iron;  is  found  in 
Saxony,  Bohemia,  and  Hungary. 

Jasper  is  rendered  opaque  by  a  mixture  of  iron  and  clay.  The  striped  Jasper,  from 
Siberia,  Saxony,  and  Devonshire,  is  distinguished  by  its  ribbon-like  delineations;  the 
Egyptian  jasper,  by  its  red  and  brown  colours'  and  globular  structure. 


Fig.  895. 


Fig.  396. 


Fig.  395  is  a  crystal  of  quartz  in  the  British  Museum,  which  shows  must  beauti- 
fully the  gradual  growth  of  crystals ;  a  transparent  hexagonal  crystal,  terminated  by 
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;u  pi»r.«:»,  kltaiiMT  to  Fig.  395  or  Fig.  39^  vu  int  fonbed  at  psrv 

of  fTTf  n  f::A',n*j:  tb^n  Vyjk  place  on  itA  termiiuJ  pUnes.  the  otiIbI 

>i3r  frwh  v»<!Mi'/iJ"!  of  sfliea,  Btill  retaining  its  pf^jper  crynaniDe 

had  ^:on*i^(inh]y  in^Tcased,  anodier  sprinkling  of  dilorite  fcrll  upon  ila 

thix  A^r^trix  V^  li^To  Uj<;n  repeated  four  times.     The  crystal  being  xtry 

chk/rite  revfsals  most  distinctly  foor  sncccniTe   stages   of  its 

it  ft  specimen  of  Egyptian  jasper  in  the  British  Mnseiui,  vkkk  is 

account  of  th^-  natural  markings  of  its  fractored  snrfaee  lepicacntli^  s  Tcry  tnlenUe 

likcneRH  of  Chaucer,  the  poet. 

Many  ag;itr;,  onyx,  and  cornelian  cylinders  were  brought  from  the  rnim  of  l^Dercb, 
by  Mr.  liayard. 

Tlio  uif/i'.H  af^tes,  heliotropes,  and  flints,  from  the  upper  beds  of  dttlk*  MHtaii 
marine  organisms,  principally  sponges. 

Opa\ — Jieninoui  Qu^rtiy  Uudeavable  Quarit,  Anwt|^h<wia.  H  a-d  —  6*5  G  1*9 
—  2-3.    Cawj  24.    /Va;.  oonchoidal.    Transparent,  translucent.    Zw.  yitreoos.    (W. 

r^ilourh'fiH,  white,  yellow,  red,  brown,  green,  gray,  black.    Some  varieties  exhibit  a 
beautiful  play  of  colours.    Very  brittle. 

JfynlUf.,  or  MulUra  gUui  appears  in  small  uniform,  botryoidal,  and  sometimes  staladitic 
hhti]u:n,  cith'T  of  a  white  colour  or  transparent;  found  in  amygdaloid  and  in 
Frankfort,  Ilnngury,  and  Jiofaemia. 

Fire  opfil,  or  ffiroMol  of  tho  French,  possesses  bright  hyacinth  red  and  yellow 
in  Mexico  and  the  Faroe  iHlands. 

NohU:  opal,  or  precioua  opal^  includes  all  those  specimens  which  exhibit  the  play  of  pris* 
mntic  c.olourH;  thcso  lire  found  embedded  in  porphyry  at  Czervenitza  in  fimigaiy  sad 
at  iloiiduniH  in  Ami  ricft,  aIho  in  Mexico  and  in  Iceland.  AMien  large  and  pure,  it  is  con* 
Hidorcd  u  gcui  of  grsftl^tte. 

(Ummon  optA  and  ssilW  i>ft<  are  devoid  of  the  play  of  colours,  and  are  distinguished  by 
t1i(>ir  ditrcront  degrees  of  transparency,  lustre,  and  perfection  of  their  conchoidal  firactore; 
found  in  porphjTy  and  In  the  carltiea  of  amygdaloid  rocks,  Hungary,  Faroe,  Iceland,  Giant's 
CauHvway,  and  the  Uobrldet. 

('arhoUmfy  nearly  opaque,  eoBtabs  a  small  portion  of  alimiina,  and  adheres  to  the 
tonguo ;  Dncharla,  Faroe,  Iceland,  and  Giant's  Causeway. 

Ifyilfophane  is  a  variety  of  opal  whfash  is  opaque  when  dry,  bnt  transparent  when  immersed 
in  water ;  Saxony. 

I  rood  opal  is  distlngniahed  byiti  ligneous  structure  and  semi-tzansparency;  found  in 
IIun((ary,  Transylvania,  Bohemia,  Fairoe,  and  New  South  Wales. 

SiU(*mn9  itintfrj  a  deposit  fh>m  hot  springs ;  the  Geyser,  in  Iceland. 

PmH  tinttr,  or  JlarM«,  found  in  the  oayities  of  volcanic  tuflu 

W»llMlloallft«— TkMSfT  Spmr^  Prismatic  AugiU  Spar.^^Ki  4^  it  CH  tMlqM. 
II  0*0  Q  2*8  —  S'B.  Case  26.  JPKm.  unovcn.  Semi-tran^areAl)  IrwulaMnt  on  the 
cdgot.  £«Mi.  vitreont.  Ooi,  white,  passing  into  gray,  yellow,  i«d|  «nd  tirow&.  Sir, 
white.  lUthor  brittle.  B.  ftuible  with  difficulty.  Bolnble  ia  hjfitoohlorio  add, 
leaving  ft  JoUy  of  ailioa. 

Ftumd  in  granular  limestone,  lava,  gneiss,  and  trap.  The  BaMt,  Vfailftnd,  Sweden, 
V(«suviti!«,  Canada,  United  Stales,  Saxony,  Ceylon,  and  EdinborQ^  Om  be  ftanned  artifici- 
ally  by  fusing  lime  and  ailicft, 

Okentte.— iV*<^i»''<'— ^'<^  ^  4*  -^i  ^^  +  -^^-  priamaUc.     H  4-5  -  5-0 

(i  'J'2vS  —  2-"0.     Case  28.      Translucent.     Lus.  pearly.     Col  yellowiah,  white,  bluiah- 
x^hito.     W,  fusiblo.     Oolatinizes  in  hydrochloric  acid. 

VVun.l  In  !unyjdalv>i>l  nn'k.    Faroe,  Iceland,  and  Greenland. 
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B—^fmtnL9^-^twtiU,'Sllg  0  +  6Si  0^  +  2H0.  mMuiiTe.  H  V6  G  2*266. 
Case  26.  JFVae.  uneven.  Translucent  on  edges.  Lua.  dull.  Col.  yellowish  and 
gFByish-white,  bluish-^ay.  ^S^.  shining,  unctuous.  B.  fusible.  Soluble  in  sul- 
phuric acid. 

Found  in  serpentine,  limestone,  &c,  Cornwall,  Bayreuth,  Greenland,  St.  Helena, 
China.  Used  in  the  manufacture  of  fine  porcelain,  for  fulling,  marking  cloth  and  glass, 
polishing  mirrors  and  marble,  diminishing  the  friction  of  machinery,  and  as  a  fire-stone  ibr 
famaces. 

OttoeUte.— PAy^/iYtf— 3(lFe  0  +  Si  0^)  +  (2A1 O^  +  3Si  0^)  +  3H  0.  Scratches 
glass.  G  4*4.  Frue,  uneven.  Translucent.  Lus.  vitreous.  CoL  grayish-black, 
inclining  to  green.    Str.  grayish-white.     B.  fusible.     Soluble  in  hot  sulphuric  acid* 

Found  in  small  hexagonal  crystals  in  clay  slate.  Ottrez  Luxembourg,  and  Maesa 
chusetts. 

Meexsclumm. — Earthy  Carbonate  of  Magnesia,  Magnesite,  Sepiolite,  KeffekH, — 
Mg  0  +  Si  03  +  HO  ?  H  2-5  G  1-2  —  1-6.  Case  25.  Frac,  earthy.  Opaque.  Lus. 
dull.     Col,  white,  inclining  to  yellow,  red,  or  gray.    Str,  shining.    Adheres  to  the 


Found  in  nodules  in  Greece,  Spain,  Portugal,  Moravia,  Sweden,  Asia  Minor.  Used  for 
pipe-bowls.  Derives  its  name,  which  signifies /ro^A  of  the  tea,  from  its  lightness  and  whitish 
colour. 

Idthemaarge. — Bttinmerk.—'R  2*5  G  2*496.  Case  25.  Frac.  oonchoidal.  Opftqu«. 
LtM.  dull.  Col.  blue,  passing  into  red  and  gray.  Str,  shining.  Sectile.  Adheres  to 
the  tongue.    B.  infusible. 

A  silicate  of  alumina  and  iron,  found  at  Planitz  in  Saxony. 

Sexpentinev>-' Oi^AtVtf,  MarmoHte,  Retinalite,  ChrysotUe,  Metaxite,  Bdltimorite, 
TieroUte.—2  (Mg  0  +  Si  0^)  +  (Mg  0  +  2  H 0).  H  30  G  2-47  -  2-60.  Case  25. 
Frac.  uneven,  conchoidal.  Translucent,  opaque.  Lus.  resinous,  dull.  Col  green,  of 
various  shades.  Str.  white,  shining.  B.  fusible  on  the  edges.  Decomposed  in  powder 
by  hydrochloric  and  sulphuric  acids. 

Occurs  in  masses  forming  rocks,  in  beds  and  veins,  and  pseudomorphous.  SaxoMy, 
Bohemia,  Moravia  Austria,  Styria,  Saltzburg,  the  Tyrol,  Hungary,  Silesia,  Italy,  Corsica, 
Norway.  Sweden,  Siberia,  United  States,  England,  and  Scotland.  The  term  noble  is  applied 
to  those  serpentines  which  are  of  a  uniform  green  colour,  and  are  translucent  and  fit  for 
cutting.  Serpentine  is  easily  cut  or  turned,  and  admits  of  a  high  polish  ;  it  is  used  for 
vases,  architectural  decorations,  and  other  ornamental  purposes.  It  derives  the  name  d 
terpentine^  or  ophite,  from  its  spotted  or  variegated  appearance  like  the  skin  of  a  snake. 

AaUgoKlte.~3  (RO  +  Si  0^)  +  (Mg  0  +  HO)  where  R  is  Mg  and  Fe.  H  2-6 
G  2*62.  Case  25.  Transparent,  translucent.  Lus.  feeble.  Col  green.  Str,  white. 
B.  fusible  on  the  edges.    Decomposed  by  sulphuric  acid. 

Found  in  the  valley  of  Antigorio  in  Piedmont. 

▼illaxsite.— Pxismatlc.  Soft.  G  2-978.  Case  25.  Frac.  granular.  Trans- 
lucent.    Col  yellowish-^een.    B.  infusible.     Decomposed  by  strong  acids. 

Found  in  a  bed  of  magnetite  in  Piedmont,  supposed  to  be  an  altered  olivine. 

l^Tonxitt.^Eemiprismaiid  SchiUer  Spar,  Diallage,  EG  +  Si  0',  where  R  ia 
Hg  and  Fe.  oblique;     H  5*0  ^  6*0  G  3*2  —  3*6.    Case  25.    Transluoent.    Lus, 
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metallic,  poorly,  frequently  roiombling  bronzo.     CoL  dark-groen,  brown,  aah-gray. 
Sir.  grayish.    Slightly  brittle.    I),  fusible  with  difficulty.    Not  soluble  in  acids. 

Found  in  Hurponline  and  battalt.  Styria,  Uayrouth,  Moravia,  Cornwall,  the  Tyrol,  Hessia, 
SilcHia,  Sx>ain. 

Clintonite.  —  Xanthophyllit^  Chrt/wphane^  Beyhertitt^  Holmenie,  Branduit9. 
vhombohedial.  II  4*5  ~  Go  Q  301  —  3*  10.  Case  25.  Lut,  vitreous.  Col, 
yellow,  brown,  gr(M!n.     I),  infusiblo.     Ducomposcd  by  strong  hydrochloric  acid. 

Found  in  the  Unil,  Tyrol,  and  Now  York. 

01iTine.-CArj/«o/t^,  Peridot^  Prismatie  ChrytolUht  Syalondmt4.^2  MgO  +  SiO*. 
priflmAtio.  II  0-5  —  7*0  G  .3  3  —  3*44.  Case  25.  Frae,  conchoidal,  transparent, 
translucent.  Lwi.  vitreous.  Col.  green,  yellow,  brown.  8tr,  white.  Decomposed  by 
sulphuric  acid,  forming  a  jelly. 

Found  in  lOgypt,  Natolia,  the  lirazili,  Btyria,  VeHuvius,  Mexico,  Sweden,  liadeu.  The 
transparent  vfiricticH  uro  coiled  cbryiolito,  tlio  brown  hyulosidcrito.  Chryiollte  is  prized  as 
a  gom  wluiu  large,  free  (^om  flawH  and  of  a  good  colour;  it  is  so  soft  as  to  lose  its  polish 
unloBs  worn  with  (sarc.  ChryHolito  i«  Bofter  than  chrysoberyl,  harder  and  heavier  than 
apatitn,  and  diHtingiiiHhcd  from  t\w  grc(!n  tourmaline  by  infuHibility  and  absence  of  electrical 
proporiiuH  wlion  hcatod.  Chry»olitfi  is  derived  ft'om  xpvaos  gold,  and  \i9os  stone ;  and  hydo- 
tiderite  from  6a\os  glass,  and  aiZiipos  iron. 

Picvosmine.'iVMma^itf  picrosmim  steatite, — 2  MgO  +  SiO^  +  HO.  prinnaiie. 
II  2'5  —  3'0  G  2*59  —  2*00.  Frao.  uneven,  opaque.  Lus.  pearly.  Col,  greenish- 
white,  blackish-grcen.    Str.  white,  very  seotile.    B.  infusible. 

Found  in  niassuH  in  JJohemia,  the  Tyrol,  and  Saxony ;  distinguished  from  asbestos  bj 
the  bitter  argilkocous  odour  it  exlialcs  when  moistened ;  hence  its  name  from  TiKpbs  bitter, 
and  offfiTi  smell. 

Batvaohite.— (2  CaO  +  Si  0^)  +  (2  Mg  0  +  Si  O^).  crystalline  tystem  un- 
determined. II  5  0  0  3'033,  Case  25.  Frao.  imperfect,  conchoidal.  Translucent 
Lus.  resinous.    Col.  light  greenish-gray,  white.    Str.  white.    B.  fusible. 

Found  at  Kizoni  in  the  Tyrol. 

BKontloeUiU.— (2  CaO  +  Si  0^)  +  (2  Mg  0  +  Si  O^).  piUmatic.  H  6-6 
0.  3*245  —  3'275.  Case  25.  Nearly  transparent.  Ltss,  vitreous.  Col.  colourless,  yel- 
lowish.   Soluble  in  hydrochloric  acid. 

Found  in  granular  limestone  at  Monte  Somma.  Named  after  the  Neapolitan  mineralogist 
Montioelli. 

SmitlMonlte. — Prismatic  Zine  Baryte^  Prismatic  or  Electric  Calamine^  SiUcsom 
(hide  of  Zinc,  ZinkgUu,  Oalmi.^2  Zn  0  +  Si  0^  -f-  HO.  piUmatio.  H  50 
G  3*35  —  3'50.  Case  20.  Frac,  uneven,  transparent,  translucent.  Lue,  vitreous. 
Col.  colourless,  white,  yellow,  brown,  green,  blue.  Str,  white.  Brittle.  Becomes 
eloctrio  when  heated.    B.  infusible.    Soluble  in  acids,  leaving  a  jelly  of  silica. 

Found  in  veins.  Aixla-Chapollo,  Liege,  Carinthia,  Silesia,  Poland,  Oallioia,  Baden, 
Derbynhire,  Cumberland,  Scotland,  the  Tyrol,  Hungary,  the  Banat,  Spain,  Siberia,  the 
Hartz.    Used  as  an  ore  of  zinc.  ^ 

WiUemit«. — Siliceous  Oxide  of  Zinc,  Brachytype  Zinc  Baryta,  TrooitiU.^2  Zn 
0  +  Si  0^  rhombohedzal.  II  55  G  3-89  —  418.  Case  26.  J^ao.  imperfect  conp 
ohoidal,  semi-transparent,  translucent.    Lus,  vitreous.    Col,  colourless,  white,  yellow^ 
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brown.    Btr,  white.    Brittle.    B.  fusible  on  the  edges.    Decompoied  by  hydrochloric 
aoid,  leaying  a  Jelly  of  lilioa. 

Found  at  Moresnet,  Stolberg,  Carinthia,  Servia,  and  New  Jersey. 

Rhodonite*  —  Silic{feroua  Oxide  of  Manganue,  JMatomout  Am^$  Spar, — 
Mn  0  +  Si  0^  oblique.  H  50  —  6-5  G  8*61  —  3'65.  Case  26.  Frae,  uneyen. 
Translucent.  Lm.  Titreons.  Col  red,  brown,  spotted  with  green.  8tr.  reddish- 
iribite.    B.  foible.    Insoluble  in  hydrochloric  acid. 

Found  in  masses.  Sweden,  Transylvania,  the  Harts,  New  Jersey,  Piedmont,  Algiers, 
ComwalL    AUagite,  phoHnte,  and  oomeout  manganese^  are  all  varieties  of  Rhodonite, 

Topbzoito.— 2  Hn  0  -)-  Si  0'.  Crystalline  system  undetermined.  H  5*5 
G  4*06  —  4*12.  Case  26.  Frae,  uneven.  Zus,  adamantine.  OoL  ash-gray,  tarnish 
brown  or  black.  8tr,  ash-gray.  B.  fusible.  Decomposed  by  hydrochloric  acid, 
leaying  a  jelly  of  silica. 

Found  with  franklinite  at  Franklin  in  New  Jersey. 

CwM^^-Jih&mbohedral  Cerium  Ore,  Silieiferout  Oxide  of  Cerium,  CeriU,  Red 
SiUeeoui  Oxide  of  Cerium, — BO  -|-  Si  0'  -4-  2  HO,  where  B  represents  cerium,  lanthaniiim, 
and  didymium.  rhombohodial,  H  5*5  G  4*9  —  5*0.  Case  26.  IhM.  uneven, 
translucent  on  edges.  Opaque.  Col,  brown,  red,  gray.  Sir,  grayish-white.  Brittle. 
B.  infusible.    Soluble  in  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  only  in  an  old  copper  mine  at  Bastnas,  in  Sweden.  Resembles  red  granular 
oonmdnm,  but  easily  distingidshed  from  it  hy  its  inferior  hardness. 

TMtomito. — Onbio.  H  5'5  G  4*16  —  4*66.  Frae.  conchoidaL  Opaque.  Zut, 
vitreous.  Col,  dark-brown.  Sir,  yellowish-brown.  Very  brittle.  Decomposed  by 
hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  at  Lam5  in  Norway  in  syenite. 

Ohlovoph^ito.— Soft.  0  2-02.  Cose  26.  Dull  gieen,  and  afterwards  black. 
B.  infusible.    Decomposed  by  hydrochloric  acid. 

Found  imbedded  in  amygdaloid  rock  in  the  island  of  Bum,  and  in  Fifis. 

ChloropaU— JVon^rowife,  Pinguite.^'FQ^  0«  -f-  2  Si  0^  +  3  HO.  Massive. 
H  S'O  —  40  G  2*0.  Case  26.  Frao.  conchoidal.  Opaque.  Translucent  on  the  edges. 
Col  greenish-yellow  and  pistachio  green.    Lua,  vitreous,  dull.    Brittle.    B.  invisible. 

Found  in  Hungary  and  the  Harts. 

Stilpnomelano.— BJiombohednl.  H  3*0  —  40  G  3*0  —  3*4.  Case  26. 
Opaque.  Lus.  vitreous.  Col.  black,  blackish-green.  8tr.  olive-green.  Bather  brittle. 
B.  fusible.    Imperfectly  decomposed  by  acids. 

Found  in  day  slate  in  Silesia;  derives  its  name  f^om  vriXievos  shining  and  umKos 
black. 


SisingOfiU.— I^OM&Vtf,  Qillingite,  Folghffdrite,--M%idi6tm  «>aiOg.  H  3*0 
0  2*79  »  305.  Case  26.  Frae.  conchoidal.  Opaque.  Lut. resinous.  Col  black, 
i9^.  yellowish-brown.    Brittle.    B.  fusible.    Partially  soluble  in  hydrochlorio  add. 

Found  in  Bavaria  and  Sweden. 

CwnMMifiU^'''Sidero9ehitoli(e,  Rhombohedral  Metane  if%».— 2  Fe'  0'  -|-  Si  0' 
4-  2  (2  Fe  0  +  81  0«)  +  5  H  0.    Beniform  and  fibrous  maaieis    H  2*5  G  3*348. 
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Case  26.    Translucent.    Opaque.   Lu»,  vitreous.    Col.  bladL  Str.  daiJ^  g|reeii.  Biitflk. 
B.  infusible.    Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 
Found  in  Bohemia,  Cornwall,  Brazils,  and  Chili. 

r^yUlle iZron  Chry8oUU.-r-2  Fe  0  +  SI  0^.  piinnatlG.    H  6^5  G  ^-tX  -  4'li. 

Ctaaa.  26.  Frac,  imperfect,  conichoidal.  Opaque.  Lus.  imperfect,  metallic.  Cot,  mm- 
black,  inclining  to  green  or  brown^  brass-yellow  tamish..   ICa^eti'c..    B..  fusible. 

Found  on  th&  sea-shore  at  Fayal,  and  on  one  of  the  Mome  mountains,  Ireland,  Crystals 
having  the  composition  of  Fa;aUte  and  the  form  of  Oliyine,  are  fbund  in  refining  dttden  and 
the  slag  of  copper  ftimaces. 

.    Anthostdezite.—re'  0>  +  4  Si  0»  +  H  0.  Azoiui.     H  0^^  a  3-^.    Otoe  14. 

Opaquis.  ZtM.  silky.  Cot,  yellow  ochre  and  brown.  6tr,  the  same.  Tery  tough. 
B.  fusible.    Decomposed  by  hydrochloric  add: 

Found  with  magnetite  in  the  Brazils ;  derives  its  name  from  av^os  a  flower  an^oiSiipor 
iron. 

FiiaiKgoaiifce.'^-ABiiOiryhoiak  S  30  —  4*5.  Qe  2*40  -^  2-431.  JVoo. eendbidaL 
Transparent,  tra&fluoent.  Lm,  waxy.  CoL  yeUow^  brown*  Sir;  y^Uow.  B.  flniUe. 
D'eeomposable  by  hydrochlorio  aeid; 

Found  in  Tolcanie  tnfia^  in  Sicily  and  Icelandl 

Chzysocolla. — SydrosUieeom  Copper,  Copper-green,  UneUavable  Staphf/jKne  Mak- 
chite,  Kiessel  Malach%U.—QxL  0  +  Si  0^  +  2  H  0.   anoxvliovB.    H  2*0r—  3*0  6  2*0 

—  2*2.  Case  26.  Frae,  conchoidaL  Semi-transparent.  Lue.  resinous.  Col,  green, 
sky-blue.  i9^r.  greenish-white.  Slightly  brittle.  B.  infusiBlOj  BecompoM^  Bgrnitric 
or  hydirochloric  acid. 

Found,  with  other  ores  of  copper,  in  the  Banat,  Hungary,  the  Tyrol,  Bohemia,  Saxony, 
the  Ural,  Altai,  Spain,  Norway,  New  Jersey,  Cornwall,  Meadoo,  Chili,  Australia 

'Dio'TS/tMm.—RhomboKeeh'al  Emerald  MalachiU,  Emerald  Copper  AeHirii^  Xupfer- 
smaragd.--CvLO  +  Si02  +  HO.  zhomboliediral.  B  50  a  3*27  —  8-34».  Gtse  26. 
Frac.  conchoidal,  uneven  Transparent,  transluoent;  JAtei  viteeous.  Qd^  emerald' 
green.  Sir.  green.  Brittle.  B.  infusible-  Soluble  in  nitric  and  hydrochloric,  acids, 
leaving  a  jelly  of  silica. 

Found  in  limestone  in  the  Kirghese  Steppes,  in  ^Siberia.  Derives  its  r\im\A  ^jo.  lia 
through,  and  ^oTrrofxou  to  see,  in  allusion  to  the  possibility  of  seeiog  the  natural  joints  by 
transmitted  light.  Distinguished  from  the  emerald  by  ibfbrior  hardness-,  higher  ^ecifie 
gravity,  and  by  acquiring  negative  electricity  by  Mction» 

HBmlytAne.r^Eitmuth  Blende,  SiHeaie  o/^OmM^— 2Bi03  +  3SiO>.  eid»ie»  H  45 
^  50  G  5*965.  Case  26.  Frac,  uneves.  Semi-transparent;.  Opaque.  Lm, ada- 
maatine.  CM.  brown  or  yellow.  /S^^.  yellowish-gray^  BriMloi  Bi  ftisiMa  Slilable 
in  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  izi  minuie  crystals  ia  cobalt  veins.    Schneefoerg  aaod  Brattnsdoif  'kh  Smbdii^ 

Ktgeon^-^Pyramidal  Zircon,  S^aeintR,—ZTO  +  SO^,   pfxtOMddaX,    K7'5  64*0 

—  4*7.  Case  26.  Frac.  conchoidal,  uneven.  Transparent,  transluoent  on  tiie  edges. 
Lu8.  vitreous.  Col.  red-brown,  yellow,  gray,  green,  white.  ffH",  yrhSVbi  F.  inioBihkk 
Partially  decomposed  b^  sulphuric  aeidr 

The  texm  hyadnik^iM  applied^to^  traMpftrsnt  and  l^i^UMVMn9ivmdatkbg^ug»m^ 
crystals  devoid  of  colour  and  of  a  smoky  jtinge,  occasionally  sold  as  infszior 
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Zifkmiim  to.  Hkt  guifaad.  knwn,  rcrngb  aaA  cpaqM  ^wieties.  Fooml  in  gneiM,  granite, 
▼olcanic  matter,  allavi^tti  mA  aattd  of  men.  Ca^n,  IXonmjy  Siberia^  N«w  Jersey, 
Sweden,  Greenland,  Egypt,  Carinthia,  Esance,  Italy,  Yeanvins,  the  East  Indies,  Saxony,  the 
Ural,  Transylvania. 

€MMni*>  li.  a^^nfiOk'hnmtt.  watnom  fteift  BvadnAttwrnb 

IfoiMOMand  OtnUcUUeiuaMUba  gpmn  to  two  minaials  having  thelDnm  of  2a>coa,M&d 
snpposed  to  be  that  mineral  in  a  stage  of  decomposition. 

Thorite.— 2ThO  +  SiO'  +  2H0.  iiuuMdT*.  H  4.-5  G  4-63.  Case  26.  JPrae. 
oonchoidal.  Lus.  yitreous.  Col,  black.  Sir.  dark-brown.  Brittle.  B.  infusible. 
Gelatinizes  in  hydrochloric  acid. 

Found  with  mesotype,  at  Ldvo  in  Norway.  It  was  from  this  mineral  Berzelias  first 
obtained  the  rare  metal  thorium, 

AndahntCe.— iVtMM^  AndMusHe.'^MGI^  +  3iO*l  priiflMtto,  H  7*^  €F  »>1  -  3-2. 
€^  26;  Ihn.  unermi^  flat;  coneheidal.  Transpaxwity  tronslttcent  cm  the  edges. 
Lus.  yitreous.  Cot,  redicBsR,  passiixg^  into  pAe'  gmy.  Sii^'.  white.  9.  infoaible. 
Slightly  affected  by  acids. 

Fomd  in  graatte,  gneiss,  and  mica  slate.  Spain,  tbe  Tyrol,.  Bavaria,  Bohemia,  Moravia, 
Saxony,  France,.  Siberia,  Brazils,  Banffshire,  Ireland,  Connecticut,  Massachusetts. 
Distinguished  from,  felspar  by  its  hardness  and  infusibility,  from  corukdum  by  its  structure 
and  specific  gravity. 

ChiastolUe,  or  hollow  spar^  appears  to  be  a  variety  of  an<2a/u«M^  havingprisms  of  a- darker 
tnbatance  in  the  centre  and  sometimes  in  each  angle,  connected  by  thin  plates  of  the 
same.  H  5*0  —  5*3  G  2*9  —  2-95.  Derives  its  name  firom  the  summits  of  its  crystals  being 
marked  in  the  fbrm  of  the  Greek  letter  X.  Pound  in  ttte  Pja^uees,  Spain,  Nonnaady, 
Cumberland,  Wicklow. 

Kyanite. — Disthdne,  SUttmanite.  BueHohsitt,  FibroUU,  FriamMtic  DiMtMm$  Spar, 
MonroKU,  RhontiziL—AXO^  +  SiO^.  anortUc.  H  50  —  60  G  358  —  3*62;  Oase 
26.  Frae.  uneyen.  Transparent,  translucent.  Lw.  pearly,  yitrsoue.  CM.  Blue, 
lAite)  gray,  black,  coloiirlefls.    Str.  white.    Brittle.    B.  iafurible.    Insoluble  in  acids. 

^onnd  in  mica  slato,  granite,  gneiss,  Ac.  Switaariaad,  St^rria^  CanatluB,  Banflhhire,  United 
8tiitaB,  Boheaia.  South  America,  Massaehusetts,  the  Tyrol,  Shetland.  Birtinguished  firom 
aeHnolite  by  its  infusibility,  cleavage,  and  specific  grarity.  When  blue  and  transparent,  is 
cot  aad  polished  as  an  ornamental  stone,  resembling  sapphire. 

Bamllte,— H  6*5  —  G  2*984.  Frae.  uneyen.  Translucent.  Lus,  yitceoue.  Col. 
iribii^  inidiDiiig  ta  gjreea. 

JVnauL  ist  slender  grisma  aad  crystaUine  masses,  witii  q^uartz,  in  Norway. 

IPoiflilte.— 4  A10«  +  6  SiO*  +  2  HO.  Gramilar  aggregationa.  H  7-d  —  7-6 
G  3**0.  Case  7ff.  Feebly  transhicent.  Ztcr.  peariy.  Ccl  whijteb  B^  in^inUe:  Iop 
soluble  in  acids. 

I'onnd  in  t£e  neig&boui&ood'of  St  Petersburg. 

JLlloBftMi«;--B«mi»it»9:-9  IP  OB  -)-  3  SfO'  +  WS,  0.  Bcniform  and  botryw 
oldal  maoea.  H  3>0  G  1*862  — 1*889.  Case  26;  Frtfc,  ffiit,  ooMhoidal,  aenntraBi^enzit. 
XmnaliifieBt  on:  fke  edjgea.  Lum.  waxy.  C»l.  wHite,^  y  ellow',.red,  brown^  Utie  and  green. 
Brilttle.    B.  infusible.    Gelatinizes  with  acids. 

ITouml  ill  Bumajit  TilTiiieiiiii.  oMk  Bokemia.  Derives  its  name»  ironv  tKKas  and  ^oiaw  to 
\  fwaite  GbMig«t>f  afBaaranae  nndes  the.  blowpipe. 

mOiioriXtm^r-^ZmM^  mmtHk,''^  hydkocBP  ailiofltvae  afaifliina.     H  ^5  -»  %-$ 
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O  1*92  —  2*12.    Case  26.    Frae.  conchoidal.   Opaqne.  Lm,  waxy.     Col.  wliite,  Uae^ 
green,  jellow.    B.  infusible.    Gelatinizes  with  sulphuric  add. 
Found  in  reniform  masses.    Silesia,  France,  New  Granada. 

CoUsrvite.— iStor^roiifo.— A  hydrous  silicate  of  alumina.  H  1*0  —  2*0  0  2*06  — 
2*11.  Oase  26.  Frae,  earthy.  Opaque.  Lua.  duU.  (XL  white,  reddish,  greenish.  Sir, 
shining.    Unctuous  to  the  touch.    B.  infusible. 

Found  in  reniform  masses  in  the  Pyrenees. 

Bole.— A  silicate  of  alumina  and  iron.     H  1*5  —  2*6     G  1*6  —  2-0.      Case  26. 
Frae,  conchoidal.    Opaque.    Col,  brown.    8tr.  resinous.    Sectile. 
Found  in  nodules.    Silesia,  Bohemia,  Saxony,  Hebrides. 

SchrottMite.r-4A12  05+Si05-|-8HO.  Amorphous.  H3*0-3*5  Gl*985- 
2*015.  Case  26.  Frae,  conchoidal.  Translucent.  Lut,  vitreous.  Col,  light  emerald 
green.    8tr.  white.    Brittle.    B.  infusible.    Gelatinizes  with  hydrochloric  acid. 

Found  in  nodules  in  Styria. 

BUlo8chine.-^i^»tafi.— Al  0^  -{-  Si  0'  +  3  H  0.  Hassiye.  H  1*5  —  2*0 
G  2*131.  Frae,  conchoidal.  Lua,  glimmering  dulL  Col  blue-green.  B.  infusiUe. 
Partially  decomposed  by  hydrochloric  acid. 

Found  massiTe  in  Serria. 

Chroppite.— Crystalline  masses.  H  2-5  G  2*73.  Frae.  splintering.  Semi- 
transparent]  in  ihin  fragments.  CoU  Bose-red,  brown,  red.  8tr,  light.  Brittle.  B. 
fusible  on  the  edges. 

BiUnite.—  H  3*5  G  2*835.  Frae.  conchoidal.  Opaque.  Lm,  dull.  Col.  white. 
Case  26. 

Found  in  veins  of  limestone  at  Schemnitz  in  Hungary. 

Agalmatolite;— i^Mr«  stone^  Taieglaphiquey  BUdaUin.—Tl  3*0  G  2*75  —  2*8^. 
Case  26.  Frae.  uneven.  Col,  white,  pale  gray,  green,  yellow,  flesh  red.  Str,  white  and 
shining.  Slightly  brittle,  almost  sectile.  B.  fusible  on  the  thinnest  edges.  Decom- 
posed by  hot  sulphuric  acid. 

Found  in  China,  Saxony  and  Hungary.  Carved  by  the  Chinese  into  grotesque  figures 
and  ornaments. 

iL'^jfhyVtLt^,r-'FiframidalKouphoM8parj  Oxhaveritey  Fyramidal  ZeoUUj  lekUtf- 
opfhtdmUe,  Tesaalite,  AMne,-^  (Ca  0,  K  0,  H  0)  +  2  Si  0^  +  2  H  0.  pjianidal, 
H  4*5  —  5*0  G  2*35  —  2*39.  Case  27.  Frae,  imperfect,  conchoidaL  Transparent, 
translucent.  Lw.  vitreous.  Col,  colourless,  yellow,  blue,  red,  green.  Str.  white. 
Brittle.    B.  fusible.    Decomposed  by  hydrochloric  acid. 

Found  in  cavities  of  amygdaloid  rocks,  in  veins  in  transition  slate,  and  in  beda  of  mag* 
netite.  The  Banat,  the  Tyrol,  Iceland,  the  Hartz,  Hindostan,  Bohemia,  Sweden,  Greenland, 
Siberia,  North  America,  Fifeshire;  JpophylUte  derives  its  name  from  cnro  and  ^AXor  a  lei^ 
on  account  of  its  tendency  to  exfoliate  under  the  blowpipe.  The  peculiar  peariy  lustre  of 
the  crystallized  varieties,  which  is  one  of  the  most  decided  characteristics  ot  this  minenJ, 
gave  rise  to  the  name  icMhyopthalmitey  or  fish  eye*stone,  from  ix9»*  a  fish  and  o^$aXfus 
an  ^fs. 

ChklizaAe,--Ehomiohedrdl  Koiqthone  Spar,  PhaecUU^  ShomioMnU  ZmIj^— (Ca  0 
+  Si  0^)  +  (Al  03  +  3  Si  0^)  +  6  H  0.  zhoiiibohednl.  H  4*0  —  4*5  G  2*06- 
2*15.    Case  27.    Frae.  uneven.    Semi-transparent,  lemi-tranilucent    CoL  colouriefly 
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white,  reddiih,  yellowish.    8tr.  white.     B.  fusible.     Decomposed  hj  hydrochloric 
ftoid,  leaving  %  jelly  of  silica. 

Found  in  carities  and  veins  in  amygdaloid  and  plntonic  rooks.  Bohemia,  the  Tyrol, 
Faroe,  Iceland,  Greenland,  Sweden,  Ireland,  Renfrewshire,  Hungary,  Siberia,  Massa- 
ehusetti: 

ll^sotypet— ZM/tVA,  Natrolith^  JBergmannitet  MttoUie^  RadioliUy  Peritomout  KoU" 
phone 5par.-(Na  0  +  Si  O')  +  (Al  0*  +  2  Si  0>):+:H  0.  piinaaUo.  H  50  - 
5*5  G  2*24  —  2*26.  Case  27.  Frae,  conchoidal.  Transparent,  translucent.  Lus. 
vitreous.  Col  colourless,  gray,  yellow,  red,  pale  green.  Sir.  white.  Brittle.  B. 
fusible.     Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  basalt,  syenite,  and  transition  rocks.  Greenland,  Iceland,  Bohemia,  the  Tyrol, 
Ireland,  Norway. 

B9oUMit»^Ne$dleiton$y  Poonahlitey  JntrimoUte.—(C&  0  +  Si  0*)  +  (Al  0^  + 
3  Si  O^}  +  3  n  0.  oblique.  H  50  —  6-6  G 2.2  —  2*3.  Case 28.  Frae.  conchoidal. 
Transparent,  translucent.  Lus.  vitreous.  Col.  colourless,  white,  gray,  reddish,  yel- 
lowish. Brittle.  B.  fusible.  Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of 
silica. 

Found  in  cavities  of  amygdaloid  rocks.  Staffa,  Faroe,  Iceland,  Greenland,  Hindostan, 
the  Tyrol,  Ireland.    Curls  up  before  the  blowpipe,  whence  its  name  from  (tkvXyi^  a  worm. 

Gomptonlte.— ^n^ofMont^tf,  Orihotomous  Kouphone  8par.-^S  (Al  0'  +  Si  0^}  + 
3  (Ca  0  +  ;Si 0«)  4-  7  H  0.  pxUmatlo.  H  50  —  5-6  G  2-31  —  238.  Case  27. 
Frae,  imperfect,  conchoidal.  Transparent,  translucent.  Col.  white,  yellow,  red.  Stv. 
white.  Brittle.  B.  fusible.  Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of 
silica. 

Found  in  amygdaloid  rooks.  Vesuvius,  Hessia,  Bohemia,  Greenland,  Iceland,  the  Tyrol, 
Scotland* 

Omellnite. — Hydrolite^  Sareolite,  S^eteromorphoua  Kouphont  8par^  Seraehelite.— 
(R  0  +  Si  0>)  +  (Al  0  +  3  Si  0^)  -j-  6  H  0,  where  B  is  K,  Ca,  and  Na.  zliombo- 
iMdxftl.  H  4*5  G  2*04  —  2*12.  Case  27.  Frae.  uneven.  Translucent.  Lm.  vitreous. 
Cci,  white,  reddish.  8tr.  white.  Brittle.  B.  fusible.  Decomposed  by  hydrochloric 
aoid,  leaving  a  jelly  of  silica. 
*  I, Found  in  cavities  of  amygdaloid  rooks.    Vioentine,  Ireland,  Sicily.  *i 

Xiewyne.— Jfam)<yiWf«  Kouphone  8par.—{CA  0  +  Si  0^)  +  (Al  0»  +  3  Si  0»)  + 
6  H  0.  zhombohedial.  H  4*0  G  2*1  ~  2*2.  Case  27.  Frae.  imperfect,  conchoidal. 
Semi-transparent.  Lut.  vitreous.  Col  white,  grayish.  8ir,  white.  Brittle.  B. 
fbsible.    Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  cavities  in  trap.    Ireland,  Renfrewshire,  Faroe,  Iceland,  Skye: 

OyzoUte.— dWo/tVa.    2  Ca  0 -^  8  Si  0'  + 3  HO.  H  3*0 -40.    Case  28.    lut- 
;    vitreous,  thin  plates,  transparent.    Cb/.  white.    Very  tough.    B.  fusible. 

;  Occurs  in  small  spherical  concretions  in  the  cavities  of  basalt,  from  Storr  in  Skye. 

Zdingtonite.— iVramwfaZ  JBrythin$  Spar^  EemUpyramidal  Spar.  Vyvamidal. 
H  4*0  —  4*5  G  2*71.  Case  28.  Frae.  imperfect,  conchoidal.  Semi-transparent, 
translucent.  Col  grayish-white.  8tr.  white.  Brittle.  B.  fusible.  Forms  a  jelly  in 
hydrochloric  acid  without  being  completely  decomposed. 

Found  in  small  crystals  in  amygdaloid.    Diunbarton,  Scotland. 
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JLISiWlte.*^W«wu  H  30  —  2-6  G  2^97—  2<048.  Tran^cant  ^pa«»e. 
Z«M.  yitreous.  Cb/.  yellowish- white.  Str,  light-brown.  B,  iunUfi.  S^ig/^lf  -afltod 
on  by  hydrochloric  acid. 

Foond  IB  white  itiwrtiPe.    KnuiUui,  ICew  J«if  ey. 

Analcime,— 5'*a?aA«rfra/  JBTofipAofw  iS'par.— (Na  0  +  Si  02)  -4-  (Al  O^  -f  3  Si  0«) 
+  2H0.  «iMc.  Hd-$  02'22  — 2*28.  Case  28.  JWm.  uneireii,  trandnDeirt.  Xm. 
Titreous.  CW.  ooIouIqbs,  white,  gray,  reddish-white.  J3tr.  white,  brittle.  B.  fiuriUb. 
Beeomposed  by  kydroi^Llocic  acid,  leaying  a  jelly  of  silica. 

Foimd  in  cavities  of  amygdaloid  rodkSj  in  beds  of  magnetite,  gneiss,  porphyry.  Tlie 
Tyrol,  Scotland,  Irekad,  Bohemia,  €he  Ural,  Faif6e,  leeland,  "Norway,  the  Hartz. 

Eudnophite.— (Nat3  -}-  Si  O^)  -J-  (Al  0»  -f  «  Si  0^)  +  HO.  pHsmgfclc.  H  5-5 
6  2*27.  Frac.  even.  Transparent.  Zt«.  pearly.  CoL  white,  gray,  brown.  8fr.  white. 
B.  fusiUe.    Decomposed  by  hydrochlerie  aeid,  leaying  a  jelly  ef  dlitsa. 

Found  in  syenite.     Lam5,  near  Brevig. 

Stil'bite.—DesmiH  PrimtOoidal  Kouphone  Sjtar.^iCa  O  -f  3  Si  0^  +  (Al 
03  +  3  Si  02)  +  6  HO.  pxismaUc.  H  35  -  40  G  21  -  2-2.  Case  28.  JR«u 
uneyen.  Semi-transparent.  Zus  vitreous.  Ool.  colourless,  white,  yellow,  red,  brown. 
Sir,  white.    Brittle.    B.  fusible.    DeconqKised  by  acids. 

Found  in  cavities  of  amygdaloidal  rocks,  also  in  beds  and  veins  in  gcanite  and  alate. 
Iceland,  Faroe,  Skye,  Jffindostan,  the  Tyrol,  Norway,  Sweden,  Silesia,  the  Harta,  the  AJ^j 
Scotland,  Siberia. 

BjfMUhit9.^J)ipIogenous  Kouphone  fijpar.— (Ca  0  4-_3  Si  0^)  +  (AI  0»  +  3S 
02)  +  6  HO.  pxismaUc.  H  3-5  -  40  G  2*24  -  225.  Case  28.  frae.  unevo^ 
transparent.  Zus.  vitreous.  CoL  colourless,  white.  Str,  wliite.  B.  fusible.  Decom- 
posed by  strong  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rocks.     Iceland,  Faroe. 

^  M&m%Bn6i!U.Semiprumatic  Kouphone  ^n— (CaO  -f  8  Si  0^)  4.  (Al  0*  *f 
3  Si  0<)  +  5  HO.  obllqiie.  H  3-5  ->  40  G  218  -  2*22.  Case :28.  JPrac.  umowm. 
traxtaparent.  Zus,  vitreous.  Col.  colourless,  white,  gcay„  hrowi),  ved.  Sir,  whato. 
Brittle.    B.  fusible.     Decomposed  by  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rocks.  Iceland,  Faroe,  Hindostaii,  Kova  .Seotia, 
Bohemia,  the  Tyrol,  Transylvania,  Norway,  the  Hartz,  Saxony,  Siberia,  Scotland,  Skye, 

Bxvwutente.  —  Megialaffonous    Eouphone  Spar ilbli^iLiie.      H   .5^    —  ^'6 

G  2-12  ■—  2-20.  Case  28.  Frac,  uneven.  Brittle.  B.  iuaible  with  diffienl^ 
Decomposed  by  hydrochloric  acid.  "~ 

Found  in  cavities  of  amygdaloidal  rocks.    Scotland,  Ireland,  France,  and  the  Pyzenees.' 

Laumoziite.  —  ZeonhardiU^  Dtaiomous  Kouphone  Spar,  JH-prismatic  Z$oUie, — 
(CaO  +  Si02)  4-  (A103  +  3Si02)  -f-  4H0.  obU«ue.  H  3*5  G 233  —  2-41.  Qm 
28.  Frac,  uneven.  Translucent.  Zus,  vitreous.  Col,  yellowish  and  grayish-white, 
flesh-red.  Str.  white.  Very  brittle.  B.  fusible.  DecJomposed  by  hydrochloric  acid^ 
lea^Hig  a  jelly  of  silica. 

Found  in  cavities  of  amygdaloid,  and  in  metallic  veins.  Bretagne,  Bohemia,  the  Tyrd, 
Hungary,  Sweden,  the  Tlral,  North  America,  ffWoe,  Iceland,  Skjw,  Ifeknd,  Scol!hai4.  Spe- 
cimens of  this  mineral  onght  to  be  eovered  with  a  fhin  sobprtion  of  guM  arabie,  to  eoniitanet 
the  rapid  decomposition  which  takes  place  when  they  are  exposed  to  the  air. 
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TJttlhait9,'—Axotomou8  Triphane  8par^  KoupTiolite^  Meliihy  Cfhtlt<mite.'~2(CeL0  + 
SiO«)  +  (A103  +  SiO^  +  HO.  pxismatic.  H  6-0  -  7-0  G  2-92  -3  01.  Case  29- 
Frac  lueven.  Semitranqparent,  translucent.  Lm.  TitreouB.  Col.  green,  yellow,  fsn,j» 
gtr.  white.  Brittle.  Becomes  electric  by  the  application  of  heat.  B.  fusible.  Par> 
tialiy  soluble  in  hydroohloric  acid. 

Found  in  granite  and  crystalline  rocks.  Dauphin^,  the  Tyrol,  Pyrenees,  'Switzerland, 
Saxony,  the  Hartz,  Norway,  Sweden,  Massachusetts,  South  Aftioa,  Scotland,  Gloucester- 
shire, Staffordshire,  Land's  End,  China.  The  grass-green  varieties  have  been  mistaken  for 
ohiyiwlite,  ohiysoprase,  and  emeorald. 

•',M9tiul/t9,—Jad€,  Uneleavable  Nephrite  Spur,  JBeiktein.^{(kO  +  SiQS)  +  (8MgO 
-I-  2Si03).  H  5-5  —  60  G  2-65  -  3-0.  Case  29.  Frae.  spUntery.  Tranduoeflt 
on^the  edges.  Lus.  resinous,  dark.  Col.  leek-green,  greenish-white,  greenish- 
gray.  Sir,  whitCj  shining.  Tough.  Slightly  unctuous  to  the  touch.  B.  fusible 
on  the  edges. 

Found  massive  and  in  blocks  with  slate  and  limestone.  India,  Turkey,  Leipsig,  Lktle 
Thibet,  China,  Egypt,  the  Amazon.  Vessels  made  from  Jade  are  as  sonorons  as  poroelain* 
It  is  wrought  into  hatchets  hy  the  New  Zealanders.  Derives  its  name  from  v€<bpos  a  kidney^ 
because  it  was  supposed  to  be  a  remedy  for  diseases  of  that  oi^^. 

VaimotOJKLe. — JParatomom  Kouphone  Spar,  Staurolite,  Pyramidal  Zeolite  or  Cro8$ 
sione,  MormeniiA,  JndrjeoUte,  JjndreatbergoUU.^iJ^O  ^2^i(y)  -J-  (AlO^  +  SSiO^)  +  6H0. 
psinaAtio.  H  45  G  2  39  —  2*50.  Case  29.  Frae.  uneven,  imperfect  conchoidaL 
Transparent,  translucent.  Lite,  vitreous.  Col.  white,  colourless,  gray,  ydJow,  browiiy 
red,     Str.  white.    Brittle.    B.  fusible.    In  powder  decomposed  by  hydrochloric  acid. 

Found  in  metallic  veins,  and  in  cavities  of  amygdaloidal  rocks  and  basalts  Scotland, 
t^  HartE  Norway,  Silesia,  Oherstein.  Derives  its  name  from  ap/ws  a  joint,  and  r^fuw 
to  cut  J  from  the  appearance  of  its  twin  crystals.  ^ 

Phillipsite. — Oismondiney  Zeagonite,  Lime  Harmotomey  Chriatianitey  Abrazite,  SUm- 
roi^poua  Kouphone  iSi>ar.— (RO  +  SiO^)  +  (AlO^  +  SSiO*)  +  6HO.  yviMMiUo. 
H  4*6  G  2*14  —  2*213.  Case  29.  Frac.  conchoidal,  uneven.  Translucent,  translu- 
oent  on  the  edges.  Lut.  vitreous.  Cbl.  white,  gray,  colourless,  blue,  yellow,  red.  Str, 
white.     Brittle.    B.  fusible.    Decomposed  by  hydrochlorio  acid,  leaving  a  jeUj.oC 


Found  in  cavities  of  amygdaloid  and  basalt.  Bohemia,  Silesia,  Bonn,  Oberateini  Tes«i 
vius,  Sicily,  Borne,  Giant's  Causeway.  Besembles  Harmolomey  but  distinguished  from  it  by 
its  lower  specific  gravity. 

TfUm^BX.—Orthoclaae,  Orthotomoue  Felspar,  Adularia,  MurchiMonite'jSanidine^  Mik* 
roJsHin,  Amazon  stone,  Ferthite.—(KO  +  3Si02)  +  (AIO«  +  SSiO^).  oblique.  H  6-0 
G  2-63  —  2-59.  Case  29.  Frae.  conchoidal,  uneven.  Transparent,  translucent  on 
the  edges,  lus.  vitreous.  Col.  colourless,  white,  gray,  green,  brown,  red,  flesh-red, 
vardigris-green.  Str.  grayish- white.  Brittle.  B.  fusihls  with  difficulty.  ICot  aoted 
on  by  acids. 

Adularia,  or  transparent  Felspar,  is  fbnnd  in  plutonic  and  metamorphic  rocks.  St. 
Ghytthardt,  Mont  Blanc,  Danphine,  N<»way,  Arras,  Cornwall,  Snowdon,  Ceylon,  Gneenland. 

Moon  Stone,  a  transparent  colourless  felspar,  from  Ceylon,  which  presents  a  play  (fl. 
light;  used  as  an  ornamental  stone. 

Common  Fehpar.    Italy,  Silesia,  Ireland,  the  Ural,  Bohemia,  Brazils. 

Qreen  Felspar  (Amazon  Stone),  found  on  the  east  side  of  Lake  Ilmen, 

Glassy  Felspar  (Sanidine),  found  in   trachyte,  basaltie,   conglomerate,  and  volcanic 
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masses.  The  Bhine,  Mexico,  Chili,  Baden,  Hungary,  Italy,  Iceland,  Cassel,  Yesnyiiis, 
Azran. 

Mvrehiionite  is  a  flesh-red  yariety  of  felspar,  found  in  rolled  pebbles.  Heavitree, 
Ezeter. 

Crystals  of  flesh-red  felspar  have  been  found  in  a  copper  ftmace,  and  of  adularia  in  an 
ironfomace. 

The  porcelain  earth,  or  Kaolin  of  the  Chinese,  is  produced  by  the  decompositbn  of 
felspar.    Felspar  is  extensively  used  in  the  manufacture  of  porcelain. 

FoUnx.— A  hydrosilicate  of  alumina  and  potash.  H  6*0  —  6-5  G  2'868  —  2-892. 
Case  29.     Frae,  conchoidal.      Transparent.      Lus.  yitreous.      CoL  white,  oolouilees. 
B.  fusible  on  the  edges.    Decomposed  by  acids. 
,  Found  with  petalite  in  cavities  of  granite  at  Elba. 

^  lMiX9^oiA\jt,— Labrador  Felspar^  Anhydrous  Seolecite^  JIfanUite,  Silieite,  OpaUne 
Fikpar,  Polychromatic  Felspar.— (R  0  +  Si  0^)  +  (Al  0^  +  2  Si  O*)  where  B  is  Ca 
or Na.  anorthic.  H  60  G  2*67  —  276.  Case  30.  B'oe.  imperfect  conohoidaL 
Faintly  translucent.  Lus,  yitreous.  Col.  gray,  red,  green,  white,  blue.  B.  fusible. 
Decomposed  by  concentrated  hydrochloric  acid  when  in  powder. 

'  Occurs  principally  as  a  constituent  'of  rocks.  The  varieties  which  exhibit  a  play  of 
colours  are  mostly  derived  from  a  coarse-grained  hypersthene  rock.  Labrador,  Bussia,  Fin- 
land, Ireland,  the  Tyrol,  the  Hartz,  Scotland,  Corsica,  Saxony,  Hessia,  Sweden,  Faroe,  Nor- 
way, iEtna,  Vesuvius.  The  play  of  colours  is  supposed  to  be  produced  by  microsco^ 
crystals  of  quartz  included  in  the  labradorite.  It  receives  a. good  polish,  and  is  valued  for 
ornamental  purposes  on  account  of  its  beautiful  colours. 

IPectoUte StelliUf  Osmelite,  Woola8ton%U.-A.  B  0  +  3  Si  0^  +  H  0  where  B  i« 

Ca  and  Na.  H  4*0  —  50  G  2*745  —  2*756.  Case  29.  Translucent  on  the  edges. 
Lus,  pearly.  Col.  grayish-white.  Brittle.  B.  fusible.  Decomposed  by  hjdrochlorie 
acid. 

Found  in  spherical  masses,  in  amygdaloid  and  felspar.  Verona,  the  Tyrol,  Lake  Supe- 
rior, New  Jersey,  Scotland,  Bavaria. 

Faujaiate.— (B  0  +  Si  0^)  -|-  (AP  Qs  +  2  Si  0^)  +  9  H  O  where  R  is  Na  and 
Oa.  pyimnldal,  H  50  G  1*923.  Case  29.  Frae.  uneyen.  Transparent,  transluceiit 
on  the  edges.  Lus.  yitreous.  Col.  white,  brown,  colourless.  Brittle.  B.  fuoUe. 
Decomposed  by  hydrochloric  acid. 

Found  in  cavities  of  amygdaloidal  rock.    Sassbach. 

LatzoMte.  —  DiploiU.^A  hydrosilicate  [of  alumina,  anorthic.  H  5*0  -  6-0 
G  2*720  —  2-722.  Case  29.  Frac.  amoven.  Translucent.  Lus.  vitreous.  Col  pale 
red.    B.  fusible. 

Found  with  felspar,  mica  and  calcite.    Labrador  and  Massachusetts. 

Albito,  —  FerieUne^  Cleavelandite,  Seterotomous  Felspar,  T^tartimj  TUarto- 
priamatie  FWiytwr.— (NaO  +  3Si02)  +  (A10»  +  SSiO*).  anorthic  H  6*0  —  6*5 
G  2*54  —  2*64.  Case  30.  Frae.  imperfect  conchoidal.  Transparent,  translucent  on 
the  edges.  Lus.  yitreous.  Col.  colouriess,  white,  red,  yellow,  green,  gray.  Sir. 
white.    Brittle.    B.  fusible.    Not  decomposed  by  acids. 

Found  in  granite,  gneiss,  greenstone,  and  lava.  Dauphine,  the  Pyrenees,  Italgr,  Saiony, 
Silesia,  the  Hartz,  the  Tyrol,  Moravia,  Baden,  Greenland,  Siberia,  the  Alps,  Sweden, 
Scotland,  Ireland,  Cornwall,  Egypt,  the  Brazils,  Massachusetts.  ,  Derives  its  name  from 
o/biM,  white. 
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CJluiitiaiilte* — AnorthiU^  Amphodelitef  IndianiU,  Zfpolite,  Anorthotomous  Fei^ 
jpor.— (CaO  +  SiO«)  +  (A103  +  SiQ3).  anorthlc.  H  60  G  2-656  —  2763.  Caae 
30.  Frac,  conchoidal.  Transparent,  translucent.  Lus,  vitreous.  Col,  colourless^ 
white.    8ir.  wliite.    Brittle.    B.  fusible.    Decomposed  by  hydrochloric  acid. 

Fotind  in  dolomite,  in  lava,  and  in  meteoric  stones.  Vesavius,  Java,  Iceland,  Columbia. 
Distinguished  from  topaz  by  inferior  hardness  and  specific  gravity. 

Ollgoclase.— ^^/«YomotM  Felspar^  Soda  SpodnmeMj  Uhionite,-'{21^AO  -f  SSiO^) 
+  2)A103  -f  3Si02).  anorthic.  H  6*0  G  2-63  -  274.  Case  30.  Frae.  conchoidal, 
uneven.  Translucent.'  Zua.  vitreous.  Col.  greenish  white  and  gray,  red.  Sir, 
white.    B.  fusible.    JS^ot  acted  on  by  acids. 

Found  in  granite,  syenite,  gneiss,  porphyry,  and  basalt.  Norway,  Finland,  the  Ural, 
United  States,  the  Hartz,  Iceland.  The  ohgoolase  from  Norway,  which  presents  a  play  of 
colours  produced  by  thin  plates  of  hematite,  is  called  avaniurine  felspar  and  sunstone^ 
Derives  its  name  from  oXiyos  little,  and  kXom  to  cleave, 

Foi»ellaiuip»th.-(3A103  +  SiO«)  +  3(CaO  +  SiO^)  +  (NaO  -f  3Si02). 
prismatio.  H  5-5  G  2-65  —  2-68.  Frae,  uneven.  Translucent  on  the  edges.  Zm, 
Titreous.  Col,  yellowish  and  grayish-white.  Brittle.  B.  fusible.  Decomposed  by 
concentrated  hydrochloric  acid. 

Found  in  felspar  and  granite.  Obemzell,  near  Passau.  Decomposed  by  exposure  to 
the  air. 

Xieucite. — Amphigem^  Dodeoahedral  Zeolite^  Trapezoidal  Amphigene  Spar, — 
(KO  +  SiO*)  +  (A103  +  3Si02).  cubic.  H  5-5  —  60  G  2-46 - 2-50.  Case  31.  Frae. 
conchoidal,  uneven.  Semi-transparent,  translucent.  Zus.  vitreous.  Col.  grayish, 
yellowish,  and  reddish-white.  Brittle.  B.  infusible.  In  powder  decomposed  by 
hydrochloric  acid. 

Found  in  laya,  trachyte,  and  dolerite.  Italy  and  the  Rhine.  Millstones  formed  of  lava 
in  which  leacite  was  imbedded,  have  been  found  at  Pompeii.  It  derives  its^  name  from 
Xcvxos,  white,    It  has  been  called  the  white  garnet. 

Spodumene.'— IWpAa^e,  Friamatio  Triphane  Spar. — A  silicate  of  alumina. — 
Oblique.  H  6-5  — 7*0  G  307  — 3*20.  Case  31. '.jPrac.  uneven,  splintery.  Trans- 
lucent on  the  edges.  Ia48,  vitreous.  C$1,  greenish-white  and  gray.  Sir,  white. 
B.  fusible.    Not  acted  on  by  acids. 

Found  in  gneiss  and  granite.  Uto,  the  Tyrol,  Ireland,  Scotland,  Massachusetts.  Named 
from  inroios  ashes ,  because  it  becomes  ashy  before  the  blowpipe. 

Fetalite. — Frismatie  Fetaline  Spar^  Castor, — A  silicate  of  alumina.  H  6*0  —  6*5 
G  2*38  —  2*43.  Case  31.  Frae,  imperfect,  conchoidal.  Translucent.  Ims.  vitreous. 
Ccl,  white,  green,  red.    Sir,  white.    Brittle.    B.  fusible.    Not  decomposed  by  acids. 

Found  in  masses  and  in  granite.  Uto,  Massachusetts,  Ontario,  Elba.  It  was  in  the 
analysis  of^this  mineral  that  liihia  was  first  discovered. 

Dawyne. — Davytie  Kouphone  Spar,  Canerinite,  CavoUnite. — A  silicate  of  aluminai 
soda,  and  lime.  Bhombohedxal.  H  5-5  G  2*42  —  2*46.  Case  31.  Frae,  con- 
choidal. Translucent.  Iau,  vitreous.  CoL  colourless,  white,  rose-red.  B.  fusible. 
Soluble  in  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  lava  and  miascite.  Vesuvius,  Maine,  the  Ural.  Named  in  honour  of  Sir 
Humphrey  Davy. 
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If  epheline. — Bhombohedral  FeUpar,  Rhombohedrdl  Elain  Spur,  EkBoUU,  SommiU.^ 
(4  IK  0  +  3  Si  0')  +  2  (2  Al  03  +  3  Si  0^,  where  R  if  Na,  K,  and  Ca.  JUmiiibo- 
iMdval.  H  6-6  —  60  G  2*58  —  2*64.  Case  31.  Frac.  canchoidal,  nzieTen.  Trani- 
parenty  feebly  translucent.  Lus.  vitreouf.  Col.  colourleia,  greenish-graj,  bbudi- 
green,  flesh-red.  S^r.  white.  Brittle.  B.  fusible.  Decomposed  bj  hjdrocUoric  add, 
leaying  a  jelly  of  silic  a. 

Found  in  basalt,  dolerite,  and  syenite.  Vesuvius,  Koine,  Heidelberg,  Hesaia,  Saxony, 
Norway,  the  Ural.  DeriTes  its  name  from  yt<f>t\7i  a  doud,  from  the  nebiiloiu  ajppeatance 
aaaomed  when  fragments  are  thrown  into  nitric  acid. 

Scapolite. — MHonxU^  ^Jpy^^t  Wtrnerite,  Termite,  Faranthme  Elain  Spar,  BUmto- 
lite,  Ekebergite,  Tetraklasit,  Nuttallite,  Stroganowite,—{Z  CaO  +  2SiO*)+2(A10» 
+  61  Qz).  pyiamidaL  II  50  —  5-5  G  2-61  —  2*78.  Caae  81.  »rme,  coociMadaL 
l^analucent,  opaque.  Lw.  yitrcous.  Col.  colourless,  white,  gray,  green,  ved.  /Mr. 
white.    Brittle.    B.  fusible.    Decomposed  when  in  powder  by  hydrochloric  acid. 

Found  in  limestone  and  in  iron  mines.  Vesuvius,  Norway,  Sweden,  Finland,  Moisfia, 
Qreenland,  France,  and  North  America,  llie  name  meionUe  is  applied  to  Ihe  traospwent 
Ticietiea. 

Wvyn.-^SchmekJitein.-i  (RO  +  Si  O*)  +  8  <A1«  0»  4-  Ett  0^.  G  I'M. 
Scratches  glass.  Case  31.  Transparent,  translucent  Col,  whitifb  or^reddidL  B. 
fbaible. 

Found  in  hexagonal  prisms  with  talc  or  chlorite  in  the  Pyrenees. 

M:hjMCoUte.—Empyrodoxous  Felspar. ^(^0  +  Si  0«)  +  (ii  0'  +  2  Si  0^), 
where  R  is  Na.  K,  and  Ca.  oUique.  H  6*0  G  2*57  —  262.  Frae.  conchoidfll, 
transparent,  translucent.  Zus.  vitreous.  Col.  colourless,  white,  grayish,  yellowiidi, 
Str.  white.    Very  brittle.    B.  fusible.    Decomposed  by  hydrochloric  acid. 

Found  in  lava  and  volcanic  matter.  Vesuvius,  Eiffel,  Laach.  Deriyea  its  name' from 
ffva^  a  lava  etream. 

JMBtxo'bite.—Dtplotte.'-A  silicate  of  alumina.  aaMtUc.    H  5*0  —  6*0  0  2*720  -^ 
2*722.    Case  31.    Frac.  uneven,  translucent.    Ztu.  vitreous.    Col.  pale  red. 
Found  with  felspar,  mica,  and  calcite.    Amitok,  near  JLabiadoor. 

IttiMiite. — J)odeeahedral  Amphigetie  Spar,  SttHyn^—k  txydroiilicaAe  of  alvBBH^ 
soda,  and  lime,  cubic.  H  55  G  2373  —  2*377.  Caae  31.  Frme.  ikat  coBchotfdl, 
tranilncent  on  the  edges.  Lus.  roeiaous.  Col.  dark  bluish-gray,  smoke-graj^  aah-grtj* 
B.  fusible.    Decomposed  by  hydrochloric  add,  leaving  «  jelly  af.4ril]ea. 

Found  in  basalt.    The  Fiichberg  Baden. 

WmMWiUtmn  —  Octahtdral  Kmiphtme  l^^ar.^K  aiUoate  of  lime  aa^  alnoiniu 
yyyiMal,  H  60  G  2*545.  Frac.  conohaidal,  semi'trassparent, tranalnoeiL^  <te 
vitreous.     Col.  fleah-red,  white.    Very  br^e.    B.  fiuible. 

A  rare  mineral,  found  at  Vesuvius. 

Wi!k09.^0bUqw  Mica,  Biaxial  Mica,  Patath  Mica,  E^tmpritmaUfi  X^  £fUmmm%  Jf«r- 
€09iU.—A  silicate  of  alumina,  obli^ine.  H  2*5  G  2*8  ^  -g*!.  Case  83.  Fmc.  Mft- 
cboidaL  Transparent.  Col.  colourless,  white,  varioas  ahadas  of  gray,  Iwown,  gam, 
black.      Str.  white,  gray.      Sectile.     B.  f uaiide.    N^  decompoaad  by  mbmU. 

An  essential  constituent  of  granite,  gneiss,  and  mica  slate ;  found  also  in  veins  and  «avi« 
ties  in  porphyry,  basalt,  dolomite,  limestone  and  lava.     Vesuvius,  Siberia,  Finland*  QreeOf 
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lud,  Uaited  Stttef,  Norway.  OooMioiMlly  £Mmd  U  the  Blags  of  fiumaoea.  In  Siberia  thin 
^heeta  of  mica  are  used  for  glazing  windows,  whenoe  it  has  been  called  Mtueovy  glast.  It  is 
dixiaible  into  plates  the  m^^th  part  of  an  inch  in  thickness. 


u— JSTsa^fffowa/  Miea^  Uniaxial  Mica,  Magnesia  Mica,  MiMlan,  Mhombohtitdl 
Talk  Glimmer,  Meroxen.^(S  R  0  -|-  2  Si  O^)  +  (Al  CP  +  Si  0*)  where  R  is  Mg,  K,  and 
Fe.  srlioiiikoheAxal.  H  20  —  2-6  G  2*78  •—  2*95.  Case  32.  Tranflparent,  tnms- 
liioeol  Lt4s.  metallic.  Col.  dark  green,  brown,  yerging  into  black.  S4r.  whitBy  pale 
greenish  gray.  Soctilo.  Thin  leaves.  Elastic.  B.  fusible  with  difficulty.  Decom- 
poted  by  tulphniic  acid. 

Found  in  granito  and  chlorite  «late.  The  Ural,  New  Jersey,  (Greenland,  VeBUTiaa, 
Siberia.     ' 

Xiepl4olite,~ZiVAta  Jfic«,  Lithonite,  Semiprismatio  Talk  (7/t»wnfr.--A  mlicate  of 
alumina,  obliqne.  H  20  —  90.  G 2*8  —  3*0.  Case  32.  Jra<conchoidal.  Trans- 
parent, tranalucent  on  the  edges.  Lits,  pearly,  inelining  to  adamantine,  ritreous. 
Col.  white,  green,  gray,  rod,  violet.  8tr.  white.  In  thin  loaves,  elastic.  B.  fusible. 
Acted  on  by  acids. 

Occurs  principally  in  granite.  Moravia,  Saxony,  the  Ural,  Mune,  Connecticut,  Bohemia. 
Saxony  and  Cornwall. 

Wichtitite.— A  silicate  of  alumina  and  iron.      G  3*03.    Frae,  imperfecti  con- 
choidaL    Lus,  dull.     Col.  black.    Magnetic. 
Found  at  Wichtis,  in  Finland.  * 

;  Olauoophane.—A  silicato  of  alumina  and  iron.    H  5'5  G  3*103  —  3*113.    JPhir. 
conchoidal.    Translucent,  nearly  opaquo.     Lu8.  vitroous.     Cd,  bluish-gray.      &tr»  the 
MDU).    Magnetic  in  powder.    B.  fusible.    Imperfectly  decomposed  by  acids. 
"    Fovnd  in  mica  slate  in  the  Island  of  Syra.     Derives  its  name  from  yXxuiitos  bluish-graif, 
and  ^aiy«  to  appear. 

Jffaxgaxite. — Hemiprismaiie  JPirl  Olimmer,  Emerylite,  CorundaUite,  Clinpmamite,-^ 
A  silicate  of  alumina,   oblique.    H  3*5  —  45  G  30  —  31.    Frao.  conchoidal. 
Semi-transparent,  translucent.     Zw,  pearly,  vitreous.     Ooi,  reddish-  and  greenish- 
white,  peaii  gray.    iS^r.  white    Eather  brittle.    B.  fusible.    Acted  on  by  acids. 
^    Fomd  in  the  Tyrol  with  chloriie.  ^  United  States,  Asia  Minor,  the  Usal. 

XiepidoinelAne.— (It*  O^  +  fli  0^  -J-  (Ri  +  Si  0»).  H  8*0  O  3-0.  Opaque. 
Imm.  vitreous.  Col.  black.  8tr,  green.  Rather  brittle.  B.  fusible.  ISasily  decom- 
posed by  hydrochloric  acid. 

Fovmd  at  Persberg,  in  Sweden.  Berivas  its  name  from  its  ooloar  and  stractsB,  Acns  a 
scaUt  and  fitKas  black. 

^tdCt—Friamado  Talk  GUmmer,  Potstone,  SoapsUnu,  5^6aftfo.— 6MgO  -f-  9t9liO^  + 
2H0.  piinaaUo?  II  10  —  1-5  G  2*6  —  2*8.  Case  32.  Frae.  splintery.  Xua, 
pearly,  more  or  less  translucent.  Col,  blue,  green-gray  by  transmitted,  and  silver-white 
}»y  reflected,  light.  Hir,  white.  Thin  lesTOS  flexible  but  not  elastic,  nootuousto  the 
touch.     B.  fusible  with  great  difficulty.    Not  acted  on  by  acids. 

Occurs  alone  as  talkslato,  and  is  a  constituent  of  some  granular  rooks.  The  Tyrol,  St. 
Gotthard,  Sweden,  Bavaria,  Siberia,  Scotland,  Saxony,  Bohemia,  United  States,  Greenland. 
Pat'ttme,  or  lapie  oUarie,  is  a  coarse  and  indistinctly  granular  variety,  which,  from  its  soft- 
ness and  tenacity,  may  be  readily  tamed.  It  is  used  for  the  manu&cture  of  cooking  utensUs 
and  other  vessels,  for  fire  stones  in  fbmaces,  in  powder  for  diminishing  frietion  in 
machinery,  and  for  removing  oil  stains  from  cloth. 
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GhloilU.— 2WAr  ChloritSf  Xipidolith,  Primaiie  Talk  Olimmer.—JL  hjdroolicate  d 
alumina  and  magnesia,  vhonbohedxal.  H  1-0  —  1*5  G  2*78  —  2*96.  Gaae  81 
Tranaparent,  traxialucent.  Liu.  pearly.  Col,  greon,  blae,  red.  8tr,  green.  In  tim 
leareS)  flexible ;  not  elaatie.  B.  f  luible  on  the  edges.  Decomposed  by  strong  snlpikmJc 
•eid. 

Fotmd  in  granite,  gneisi,  diabase,  and  slaty  rocks.  Tbe  Ural,  Norway,  Sweden, 
Switzerland,  the  Tyrol,  Saxony,  Cornwall,  Arran,  Bute.  Derives  its  name  from  xX»^t 
ffrun, 

Ripidolite. — ChhriUy  Triamatie  Talk  Olimmtr^  KdmmertnriU^  Leuehtenimyiiej  JRm- 
m'fte,  Bodochrome.-^JL  hydrosilicate  of  alumina  and  magnesia.  BJuiaabOihiidTal. 
H  2-0  —  3*0  G  2-615  —  2*774.  Case  32.  Semi-transparent,  tranalucent  Im.  vi- 
treous. Col  green,  yiolet.  Str,  white.  In  thin  leaves,  flexible,  but  not  elastic. 
B.  fusible  on  the  edges.    Decomposed  by  hot  sulphuric  acid. 

Found  in  beds  and  veins  in  crystalline  rocks.  The  Tyrol,  Piedmont,  the  Ural,  Silena, 
the  Pyrenees,  Norway,  Siberia,  Styria,  Baltimore.  The  yiolet  varieties  are  called  juaaaaa- 
erite.     Its  name  is  derived  from  piwis  a /an. 

Lgganite.— A  hydrosilicate  of  alumina  and  magnesia.      FilMiuttic;    H  8*0 

G  2*60  —  2*64.  Frae.  uneven.  Subtranslucent.  Lu8.  vitreous.  Col,  brown.  Str. 
grayish-white.    B.  infusible.    Partly  decomposed  by  acids. 

Found  in  limestone  at  Ottawa  in  Canada. 

F7YophllUie.—2  (Al^  0^  +  3  Si  0^)  +  3  H  0  piismatic.  H  1-0  G  2*785. 
Case  32.  Translucent.  Lfia,  pearly.  Col.  green,  white.  8tr,  white.  B.  fusible  with 
difficulty.    Partially  decomposed  by  sulphuric  acid. 

Found  in  granite.    The  Ural,  Belgium,  the  Brazils,  United  States. 

Amphibole. — SornbUnde^  Semiprismatie  Augite  Spar,  Smoragdite,  TrmnniUU, 
Aeiinoiite,  Aaheatos,  Strahlstein,  Raphilita,  Cummingtomte.S  (R  0  -{-  S  0^  -{-  (2  EO 
+  S  03),  where  E  is  Mg,  Ca,  and  Fe.  oblique.  H  5*0  -  6*0  G  2*90  -  3-40. 
Oases  33  and  34.  Frae.  imperfect,  conchoidal.  Slightly  translucent,  opaque.  Lui. 
vitreous.  Col.  colourless,  white,  green,  brown,  yellow,  gray,  black.  Str.  grayish-irhite^ 
brown.    Brittle.    B.  fusible.    Slightly  soluble  in  hydrochloric  acid. 

Orammatite.-^The  white,  green,  gray,  semi-transparent,  and  translucent  varieties,  l!raiid 
in  'granular  limestone,  granite,  and  marble.  St.  Gotthardt,  Transylvania,  Bohemia,  the 
Tyrol,  Sweden,  France,  the  Banat,  Massachusetts,  Aberdeenshire,  lona. 

Actinote. — The  greenish  varieties,  found  in  beds  of  iron  ore.  Saxony,  Bohemia,  Korwitj, 
Sweden,  the  Tyrol,  Styria,  Moravia. 

Anthophyllite.^'Eoxmdi  in  Norway,  Greenland,  and  United  States. 

Mountain  Wood,  Mountain  Cork,  &c.,  are  fibrous  varieties.  Found  in  the  Tyrol,  Saxonji 
Bohemia,  Sweden,  Switzerland,  Spain,  the  United  States,  Scotland. 

Asbeitot,  or  Amianthut,'~-X  variety  in  flexible  slender  fibres-  Corsica,  Piedmont,  Savoj. 
Saltzburg,  the  Tyrol,  Dauphin^,  Hungary,  Silesia,  United  States,  Cornwall,  Aberdeenshire. 
(ao'jS«<rrof,  unconiumable).  The  ancients  wove  this  substance  into  cloth,  which  could  be 
purified  by  burning. 

Common  Homhlende.-^Jn  dark  green  or  black  crystals,  found  in  beds  of  iron  ore.  Norway, 
Sweden,  Finland,  Saxony,  Bohemia,  the  Tyrol,  Carinthia. 

Baaaltic  Hornblende. — ^Black  opaque  crystals,  embedded  in  basaltic  rocks.  Bohemia  sod 
Spain. 

VurgMite.— Jrom^/M^.— ObUque.    H  5*0  -  6*0    G  3*07  -  3*08.    Case  83. 

J^otf.  conchoidaL  Translucent.  Lua,  vitreous.  Col,  bluish-green.  Sir,  white. 
B.  fusible. 

Found  in  limestone  at  Pargas  in  Finland. 
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Kasoniie. — Chlorite  Spar,  Chloritoidy  BarytophyUiU,^~JL  hydrosilicate  of  alumina 
and  iron.  H  6-5  —  6*0  G  3'45  —  3-55.  Case  33.  Translucent  in  thin  leaves.  Im. 
pearly.  Col.  blackish-green.  Sir,  greenish- white.  Brittle.  B.  fusible  on  the  edges. 
Kot  acted  on  by  acids. 

Found  in  chlorite  slate.    Siberia,  Rhode  Island,  the  Tyrol,  the  Ural. 

Aifredsonite.— Pert^<mu>fM  Augite  Spar,  JSgirine, — Oblique.    H  6*0    G  3*328 

—  3*44.    Case  33.    Frae.  imperfect,  conchoidal.    Opaque.    Lus.  yitreous.     Col,  black. 
Str.  green.    B.  fusible. 

Found  in  slate  rock  and  beds  of  iron  ore.    Greenland,  Norway,  Arendal. 

Xzokydolite. — Bltte  Asbestos.— k  hydrosilicate  of  iron.     H  4*0  —  4*5    G  3*2 

—  3*3.   Case  34.    Delicate  fibres  like  asbestos.   Translucent   Lus,  sUky.    Col,  indigo- 
blue.    Tough,  elastic,  fleidble.    B.  fusible.    Not  acted  on  by  acids. 

Found  in  syenite  and  qmartz.  South  Africa,  Norway,  Greenland,  Saltzburg.  Derives  its 
name  from  xpoKvs  a  flock  of  wool^  on  account  of  the  slender  direads  into  which  it  is 
divisable. 

Augite.-— Pyro^r^e,  Diopside,  Amianth,  Malaeolithy  FarafomouSf  Augite  Spatf 
Alalite,  Baikalite,  Jeffersonite^  Ooeeolite^  Sahlite^  Omphazite^  PyrgomCy  Fassite, — (Ca  0  + 
Si  0^)  -f  (E  0  +  Si  0^),  where  R  consists  essentially  of  Mg  and  Fe.  oblique. 
H  5*0  —  6*0  G  3*2  —  3*4.  Case  34.  Frae.  conchoidal,  uneven.  Transparent,  opaque. 
Xus.  vitreous.  Col.  colourless,  white,  green,  gray,  black.  Str.  white,  gray.  Brittle. 
B.  fusible.    Slightly  affected  by  acids. 

Found  in  basalt,  lava,  limestone,  meteoric  stones,  and  slag  of  iron  frimaees.  Bohemia, 
France,  Vesuvius,  Teneriffe,  Scotland,  Finland,  North  America,  Switzerland,  Sweden, 
Norway.  Can  be  formed  artificially  by  fiising  silica,  lime,  and  magnesia  in  the  right  pro< 
portions.  Some  of  the  transparent  varieties,  when  cut  and  polished,  form  handsome  orna- 
mental stones,  of  colours  varying  from  the  emerald  to  the  yellow  topaz. 

Bypenthene.— Pati/tYe,  Prismatoidal  Schiller  Spar,  Labrador  Romblende,  JDidllagt 
JT^fa^t^.— RO-fSiO^whereRisMgandFe.  obUque.  H  60  G  3*39.  Case 34. 
Frae.  imeven,  opaque,  translucent  on  the  edges.  Lus,  pearly-vitreous.  CoL  grayish 
or  greenish  black.    Str,  greenish  gray.    B.  fusible.    Insoluble  in  acids. 

Found  imbedded  in  a  greenstone  rock,  also  associated  with  Labrador  felspar.  Labrador* 
Greenland,  Norway,  Skye,  Saxony,  Bohemia,  the  Tyrol,  Sweden,  Silesia,  Berlin.  Dis- 
tinguished from  bronzite  by  its  cleavage.  Cut  and  polished  it  presents  a  beantifid  red  colour 
and  pearly  lustre. 

IMallage. — Frismatie  SehiUer  Spar^  Ltaiomous  SehtUer  /Sjpar.— Oblique.  H  4*0 
G  3*2  —  3-3.  Case  34.  F^ae,  uneven.  Opaque.  Lus,  peady  or  silky.  Col  gray, 
greenish,  brown.    Str,  white.    B.  fusible.    Insoluble  in  acids. 

Found  with  amphibole.    The  Hartz,  Silesia,  Apennines,  the  Ural. 

nwaite.— item^,  Tefiite,  Fer  Caleardo  SUieeuXy  JDiprismatic  Iron  Ore,-^(Fe^  0'  + 
Si  0«)  -I-  2  (R2  0  +  Si  02),  where  R  is  Ca  and  Fe.  piinaatic.  H  5  5  -  6*0 
G  3*989  —  4*015.  Case  34.  Frae.  imperfect  conchoidal.  Opaque.  Lut,  imperfect 
metallic.  Col,  black,  inclining  to  gray,  brown,  and  green.  Str,  black.  Brittle. 
B.  fusible.    Decomposed  by  warm  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Foimd  imbedded  in  augite  in  Elba,  Norway,  Silesia,  Moravia,  Siberia,  (Greenland. 

Aomite.— Porafomoitf  Augite  /%Mir.^2  Fe^  0'  +  3  Si  0^)  +  2  (Na  0  +  Si  0^}. 
oblique.    H  6*0  —  6*5    G  3*53  —  3*55.    Case  34.     Frae.  imperfect  conchoidal. 
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IVearlj  opaqae.    Lm.  ritmrnxs.    6M.  Irowniflli-blflelromddiBh-browxi.     lift   §nwiiiili 
gray.    B.  fbsible.    Partially  decomposed  by  hydrochlorie  and  Bnlpinaie  aeidsi- 

Found  in  granite  and  syenite.  Norway.  A  scarce  mineral.  Dcrirer  its  nanv  ftom 
cucfiri,  a  point,  on  account  of  the  form  of  its  crystals,  some  of  whioh  Have  beaft  iB«ai  a  ftot 
in  length. 

ieana,  JklphmUiy  ArmuUUit^  TkttUte,  liuehkmite,^  JeMamatiuJ^S  Ca  O  -f  2  Si  (V^  + 
2  (E2  0»  H-  Si  0«),  where  R»  is  Al,  Fe»,  or  Mn*.  oblique.  H  6-5  O  30  -  »6. 
Case  35.  Frae,  uneven,  eemi-tranaparent.  Zus.  yitreoua.  Col.  g^een,  yellow,  bsown, 
red,  black.  Str.  gray.  Brittle.  B.  fusible.  Decomposed  by  hydirochloiic  acid, 
leaving  a  jelly  of  silica. 

"**  Occurs  in  granite,  syenite,  trap,  porphyry,  and  slate  rocks.  Norway^  Sweden,  tie 
Alps,  Dauphine,  the  Ural,  Pyrenees,  Bohemia,  Finland,  Greenland,  Norway. 

Zoiiite«r— OUiqmA,  Cage  35.  Lu$,  vitreoua.  Col.  grayish-white,  jeUbwiBh- 
gray,  brown,  green.    B.  fusible. 

Found  in  Carinthia,  the  Tyrol,  Saltsburg,  Bayreuth,  Bavaria,  the  UraL. 

Bvak^tnrtSaHm.—MtUUte,  HmnholdHUt^  ZurliU,-^2  (3  BO  +  2  Si  0*>  + 
(ir  0*  -t-  Si  0^),  where  E  is  Ca,  Mg,  Na,  and  K,  and  E'  is  Al  and  Fe>.  yyiaaiMaL 
H  5*(^—  5*5  G  2*90  --  3*104.  Case  35.  Frac.  eonehoidal^  uneven,  semi-transparent, 
Opaque.  Im».  vitreous*  CoU  white,  green,  yellow,  brown.  8tr^  white*  B«  faaible. 
Decomposed  by  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  witii-calcite  and  in  lava.    Monte  Somma  and  Capo  di  Bove.. 

Bimtlto— ^gAtfl^  Spar,  Metalloid  DiaUage,-^  (EO  +  Si  0^)  -|-  (Mgo  -|^  4H0) 
where  E  is-  Mg^  Ca  and  Fe.  H  3*5  —  40  G  2*6  28.  Case  35.  I^ae.  mievea. 
Translucent.  Xtir.  pearly.  Col,  green,  brown,  yellow.  Str.  greeniah^white.  £. 
foaible  on  the  edges.    Decomposed  by  sulphuric  acid. 

Found  in  the  euphotide  of  the  Hartz. 

BaMngtonlte.— u^ft>motM  Augite  /SjMr.— siwtllio;  H  5rft  —  a-O^.  G  3*8<5 
—  3*406.  Case  35.  ^ae.  imperfect,  conchoidali  Lub,  vitreom.  Ook  blade  8tr. 
greenish-gray.    Brittle.    B.  Aiaible.    Decomposed  by  boiUng  hydrocMorie  aaicb. 

Fonndi  in  magnetite,/qnaitz,  &lspar,  and  prehnite.  Norway,  Shetland,  New  Y<nk, 
Massachusetts. 

IdocankMm  ■  ■  Pyramidal  Gametf  Vetumany  Egeran^  Loboitf  FrugardU^  Cyprine.— 
(3Ca0  -h  2Si0s)  -^  (ia03  +  SiO^).  vyiaaildaL  H  6o  6  335  -  3-45.  Case  35. 
Frae.  imperfect  conchoidaL  Tnuuyarent,  transhioent  Ims,  vitreous.  Col,  green, 
yellow,  brown,  black.  8tr,  white.  B.  fusible.  Impedectly  deoompoaed  by  hydro- 
chloric acid. 

Found-  in  dobmite,.'*' serpentine,  ^and  limestone.  The  Ural,  St.  Gotthaidt,  Kbrway, 
Bohemia,  Sweden,  Finland,  the  Pyrenees,  Saxony,  Ireland,  Spain,  North  America.  At 
Naples-  and  Turin-  ornaments  ore  formed  of  idoeraae,  whicl»  take*  a  good  peliirii,  aad  an 
foM  under  the-  denomination  of  hyacintl^  eiysolite;  &e. 

irwaiowtto.-*€7SnM9ie  and  Lime  (7iiryf^.— (dCaO  +  2Si0^'  -f  (CfrH)> -f*  8i0^. 
GUbie,  H7^5  — 8H)'  CT  3^418.  Ciise  36:  Frae.  imperfect,  comAoidU.  Trans- 
Ikicent.  lAt9.  vitteona  €el  emendd-green:  mr,  green^b-ivAtilte.  B; 
'    9Vmnd  in  tiie  tJhd, 
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•wfiere  It  is  Ca,  Mg,  Fe;  and  R»  is  Al,  Fe'.  cuMe.  H  6-6  -7'5  G  3-1  -  4-3. 
diURB  36.  Frae,  conclioidar.  Onraxuparent,  opaque.  Jam,  vitreous.  Col  red,  Brown, 
yeHow,  wbHsTf  green,  black,  fftf.  white,  gray.  B.  fusible.  S^oluble  imperfecUj  in 
hydrochloric  acid. 

"  Mmandine^  the  transparuit  ved  fsniet,  found  in.  sand,  allanal  soil,  and.  gneiss..    Pegu, 
Cegrlon,  Hiodoatan,  Brazils. 

Common  (?«m«^  found  in  Sazony»  Koiway,  Swedsn,  Finland,  Hnng^,  Stiria,  tha  I}|iq1, 
HorsTia,  Silesia,  Siberia. 

Calophonitet  granular  brown  garnet.     Arendal  and  North  America. 

tkouular  Qumet  and  Ppr&naite,  a  light>green  Tariety.    Kamtsohatka. 

IManite,  bkMfe  gsnftet.    VesaTiu8,.Ronie,  Norway,  the  F^veaees. 

Topazolite,  honey-yellow  garnet.    Piedmont. 

Essonite  or  Cinnamon.  Stone^  Momanogovite,  reddish-yellow  garnet.  Ceylon,.  Egypt, 
Finland;  I^edmont. 

Pyropey  dark-red  variety  of  garnet.     Saxony,  Bohemia,  Ceylon. 

When  the  garnet  i»  of  a  rieh  oolour  and  free  fr«m  flaws,  it  forms  a  valuabls  gem ;  it  may 
ba  distinguished  from  oomndnm  or  spinel  by  its  eolout  being  duller,  ^Coarse  garnets 
reduced  to  a  fine  powder,  are  used  instead  of  emery  for  polishing  metals.  \ 

•eliienite.— %/odtto,  Pyramidal  AiiaphaM  Spar.—{Z  CaO  -f-  SiO')  -|-  (AIO» 
+  Si02).  p3^amidal.  H  6-6  -  60  G  299  -  3  10.  Case  36.  Frae,  imperfect 
conchoidal.  Translucent  on  tlie  edges.  Ltts.  resinous.  Col  gray,  brown,  green. 
Sir,  white.  B.  fhsible  with  great  difficulty.  Decomposed  by  warm  hydrochloric  acid, 
leaving  a  jelly  of  silica. 

Found  imbedded  in  calcite,  near  Vigo ;  also  in  the  slags  of  iron  furnaces. 

Co*di««it«.— Jo/tV^  PtUoma,  Brismatie  Quartz,.  Diehroite,  JStetnheiUte.-^Jll  Qf + 
3  Si  0«)  +  2  (Mg  0  +  Si  0«).  pifaMBiatl*.  H  7*0  -  7-5  G  2'60a  —  2^718. 
Case  36.  JVae?.  conchoidal.  Transparent.  jLus.  vitreous.  Co/,  blue,  inclining^togroy 
or  Mack.    Sir.  white.    B.^fusible  on  the  edges.    Imperfectly  decomposed  by  aoida» 

Found  in  gneiss.  Spain,  Bavaria,  Finland,  Norway,  Sweden,  Greenland,  Siberia,  North 
Amtxica,  Ceylon.  Pinite,  Oieseckitei  OosUef  KiUimle,  FahiuniU,  TricUutUe^  Bomibrffitey 
E»mark\tey  AapaBiolitey  PyrargyllUe,  ChlorophyUiiey  Gigantolite,  PraseoUte,  lierite,  Weisritt, 
are  supposed  to  be  Cordieriie,  more  or  less  changed  by  decomposition.  A  transparent 
variety  from  Ceylbn,  of  an  intense  bhie  colour,  is  called  Sapphire  d^eau ;  it  is  inferior  in  hard- 
ness and  lustreto  the  sapphire,  and  its  specific  gravity  is  less. 

ftord&walite.— Massiye.  H  4-0  ^4*5  G  2.-55  ~  2*62.  Gasft36»  jF^MLooa- 
choidal.  Opaque.  Lus,  resinous.  Col.  black,  brown,  green.  Sir.  brown^  Brittle. 
B.  fusible.    Imperfectly  decomposed,  by  acids. 

Found  atSordawla  in  Finland.. 

BvagaUdnltoi^tyblf4iie.~  H  6*3    G  4'II5.    Hhxc,  nneYem    Opaque.    Im,  vi- 
treous.   Col.  black.    Sir.  darit  brown,    B.  fusible. 
Found  at  Slatoust  in  the  Ural.* 

BwiilrlViiHItai  -Ptjffftmir  AugiU Spar.^(Z FerO'-h  2.St O^)  +  2  (Fa^O*  -f  Si Gf). 
uMlyia  H  6*d-  G  Z-'^SSi.  Caaa  86.  /V«r.  uneven.  Opaqpie;  ZtMi  vitreoOB. 
Cb/.  dark  brown,  black.    Sir.  gray.    B.  fusible. 

Ibond  isiodloanio  rocks  tmAi  gnnitat]  Ansodai)  Lflflch,  Siberia^  [!i  HBzy^mt^'inftiera], , 
having  a  general  resemblance  t»aaigiti9. 
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$HMUoUU,—0rM4aiU,  Prismatic  Gametj  THmuUoidal  GtmeL-^  0>  +  S  0> 
whenUUAluid2Te.  filwnrtle.  Hr-O  — 7-5  63-52--3-79.  G^kSI.  Aw. 
eofieboUa],  anereii.  Tnuulocent.  List.  Titreoiif,  indining  to  recbunu.  Cdl.  rHHiih 
broim,  blAckif h-browiL  8lr,  wkite.  B.  neaiij  mfonble.  Ptrtiilly  Am^^mMu^m,^  \j 
•ulphitric  icid. 

Found  in  m\c%  talc,  or  cUj  Klat«,  rsrelj  in  gneiss.  St  Gotthcrdt,  Trmsjimiift,  Mon- 
flA,  Bpftin,  V«r,  Hebridip^,  Aberdeenthire,  the  Unl,  New  Enfl^md.  The  eiTStals  of  thii 
■linml  «re  fomeiimiM  cnrionslj  iiwocisted  with  those  of  Kjaoite,  the  eiTStals  of  the  two 
tnlMtenees  being  disposed  sometimes  psrsUel,  as  if  Conning  one  erjstsl,  and  ■*«»«•■——  it 
right  angles  to  the  ssis.    Named  from  orcufpos  a  erou. 

Xaspliolite.— A  bydrosilicate  of  maoganeae.  H  5*0  —  6'5  G  2-935.  Gaae  36. 
Feebly  tranalucent  Opaque.  Im.  ritreonfl.  CM,  yellow.  8tr,  idiite.  B.  foiible. 
Scarcely  acted  on  by  hydrochloric  acid. 

Found  in  acicnlar  and  capiUary  crystals  in  granite.  Bohemia.  Named  from  gap^Sf  a 
itraw,  on  account  of  its  colour. 

SmMrald«— ^er.v/,  Aquamariney  Davidtonitij  Ooshmite,  Dirhomiohedne  Smaragi,— 
(Al  0»  +  3  Si  0«)  +  3  (0  0  +  Si O*).  ilioiBbolMdial.  H 75 -  80  G  2-67 - 275. 
Caae  37.  Frac,  concboidal,  uneren.  Transparent, .  translucent.  Lus.  yitreons. 
CM.  green  in  the  emerald,  colourless  blue,  yellow  and  red  for  the  beryL  8tr.  white. 
B.  fiisiblo  on  the  edges. 

The  Emerald  is  fotind  in  Peru,  Egypt,  Siberia,  and  Norway. 

The  lieryl,  or  aquamarine,  in  Saxony,  Bohemia,  Bararia,  Elba,  France,  Norway,  Sweden, 
Finland,  Siberia,  North  America,  Brazils,  Ireland,  and  Aberdeenshire.  The  emerald  is 
most  Taluable  as  a  gem. 

■uolaie— Priifwa^tV  Smaragd.^^kl  0'  -(-  3  Si  0^)  +  6  (2  G  0  +  Si  C). 
Oblique,  n  7'5  G  3*0  —  8*1.  Case  37.  Frae,  conchoidal.  Transparent,  semi- 
transparent.  XtM.  vitreous.  Col  green,  yellow,  blue,  very  pale.  8tr,  white.  B.  fiisible. 
Not  acted  on  by  acids. 

A  rare  mineral ;  found  in  chlorite  slate,  mica  and  fluor.  Braails,  Connecticut,  Pen. 
DeriTOS  its  name  from  cO  «a«t7y,  and  kKou  to  hreajc,  on  account  of  its  brittleness. 

Vhenaklte.  —  JRAom^oAeira/  Smaragd.  —  ^  GO  +  ^^  0**      xl&ombohednl. 

H  7*5  —  8  0  G  206  —  8*0.  Case  37.  Frae,  conchoidal,  uneven.  Transparent, 
translucent.  Lm.  Titreous.  Col.  colourless,  yellow,  brown.  B.  Infusible.  Insoluble 
in  acids. 

Found  with  iron  ore,  emerald,  green  felspar,  and  topaz.  Alsace  and  Siberia.  Derires 
its  name  ftom  ^cmiI  a  deceiver,  on  account  of  its  having  been  mistaken  for  quartz. 

M9lriEk.^Tt1rahedral  Oamet^Z  (2  BO  +  Si  O^}  +  Mn  S  where  R  is  Fe,  Mo, 
and  G.  oubio.  H  6*0  •—  6*5  G  3*1  —  3*3.  Case  37.  Frao,  uneven.  Translucent 
on  the  edges.  Iau.  vitreous.  CoU  brown,  yellow,  green.  8tr.  white.  Brittle. 
B.  fUtiblo.    Decomposed  by  hydrochloric  acid  leaving  a  jelly  of  silica. 

A  very  rare  mineral ;  found  in  gneiss.  Saxony,  Norway,  and  Bavaria.  Named  from 
4Xiof  the  tun,  on  account  of  its  yellow  colour. 

Qadoloiiit«. — ITtmipritmatieJieltaMOf^TUtrliU,  piismatic.  H6*5  G4*2- 
4*4.  Case  87.  JV••<^  conchoidal,  uneven.  Opaque.  Lus.  vitreooei.  CoL  Uaok,  sel- 
dom red.  8tr^  groeniah*gray.  B.  infusible.  Beoomposed  bj  hydroohlorio  aeid, 
laavingajellyofiilioa. 

Fotind  in  granite,  gneiss,  syenite'  and  tn^  Stockholm,  F^un,  Ceylon,  Oahray  is  | 
Ireland.    Ytlria  was  first  discovered  by  Qadolin  in  this  ore. 
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Lte. — Orthit»y  Cerine^  BagratumiUy  Uralorihite^  Xanthortitey  Pyrorthite,  Slack 
SiUeeous  Oxide  of  Cerium,  Tetarto  Pritmatio  Mehne  Ore.— {3  R  0  +  2  Si  0»)  + 
(Ri  C  +  Si  0«)  where  R  is  Ca,  Ce,  and  Fe,  and  R'  is  Fe« or  Al.  ebUque.  H  60 
G  3*1  —4*2.  Case  38.  Frae.  conchoidal.  Opaque.  Ltta,  imperfect,  metallic.  Col. 
blade,  brown,  green.  8tr»  greenish  or  brownish-gray.  Brittle.  B.  fusible. 
Found  in  granite.    Greenland,  Norway,  Sweden,  the  Ural. 

Tscheffklnito.— H  6-3  G  4*508  —  4*549.  Case  37.  Frae.  conchoidal.  Almost 
opaque.  Liu.  yitreous.  Col  black.  Str.  brown.  B.  fusible.  Soluble  in  hydrochloric 
acid,  leaving  a  jelly  of  silica. 

Found  with  felspar  in  the  Ilmen  mountains  near  Miask. 

&utll6. — Oxide  of  Titanium,  Peritomoua  Titanium  Ore,  Titaneehorl,  Nigrine,  Galliei- 
nite,  Sagenite,  Crispite.—Ti  0«.  pinramidal.  H  6*0  —  6*5  G  4*22  —  4*30.  Case  37. 
Frae.  conchoidal,  uneyen.  Translucent,  opaque.  Lus.  adamantine.  Col  reddish- 
brown,  red,  yeUow,  black.  Sir.  very  light  brown.  B.  infusible.  Soluble  with  diffi- 
cult, when  powdraed,  in  hot  concentrated  sulphuric  acid* 

In  veins  and  beds  with  quartz,  felspar,  and  in  alluvium.  Hungary,  Styria,  Norway,  the 
Tyrol,  Bohemia,  Switzerland,  Ceylon,  France,  Siberia,  North  and  South  America,  Fife, 
Perthshire,  Shetland.    Used  in  painting  porcelain. 

AjULiatMe*— 'Pyramidal  Titanium  Ore,  Oetahedrite,  Oitanite. — Ti  0'.  psriamidal. 
H  5*5  —  6*0  G  3*83  —  3*93.  Case  37.  Frae.  conchoidal.  Semi-transparent,  trans- 
lucent. Lus.  adamantine.  Col  blue,  black,  red,  yellow,  brown.  Str.  white.  Brittle. 
B.  infusible.    Not  decomposed  by  acids. 

Found  in  granite  and  mica  slate.  Dauphin^,  Switzerland,  Cornwall,  Spain,  the  Ural, 
Norway,  Brazils.  The  crystals  from  the  Brazils  resemble  the  diamond  so  much  in  colour 
and  general  appearance,  as  often  to  deceive  lapidaries  and  mineral  dealers. 

Tyxoohlc*^,— Mierolite,  Octahedral  Titanium  Ore.— Cuhic,  H  5*3  — 5*5  G  419 
—  4*33.  Case  37.  Frae.  conchoidal.  Opaque,  translucent  on  the  edges.  Lus.  resinous. 
Col  dark  brown.  Str.  light  brown.  Rather  brittle.  B.  fusible.  Decomposed  in 
powder  by  concentrated  sulphuric  acid. 

Found  in  syenite  and  granite.    Norway,  the  Ural. 

Sphene. — Titanite,  Brotcn  and  Yellow  Menachine  Ore,  Cahareo-siliceous  Titanium, 
Greenovite,  Lederite,  Pictite,  Arpidelite,  Prismatic  Titanium  Ore.— {2  Ca  0  -f-  Si  0^)  + 
(2  Ti  0  +  Si  0»).  obUque.  H  5*0  —  5*5  G  3*3  —  3*7.  Case  37.  Frae.  im- 
perfect, conohoidtd.  Transparent.  Lus.  adamantine.  Col  yellow,  green,  brown,  red. 
B.  fusible  on  the  edges.    Decomposed  by  sulphuric  acid. 

Found  in  granite,  syenite,  gneiss,  slate,  marble,  basalt,  and  lava.  Piedmont,  the  Tyrol, 
the  Pyrenees, 'the  Urid,  Norway,  Sweden,  Bohemia,  Moravia,  France,  Scotland,  Ireland, 
Greenland,  Brazils,  United  States,  Greek  Islands.  Derives  its  name  from  a<fniy  a  wedge,  on 
account  of  the  shape  of  its  crystals. 

Brookite. — Prismatic  Titanium  Ore,  Juranite,  Arhansite,  Eumanite.  —  T\  0\ 
pvtomatic,  H  6*0  0  4*125  —  4*170.  Case  87.  Frae.  uneven.  Translucent, 
opaque.  Iau.  metallic.  Col  yellowish-brown,  reddish-brown,  hyacinth-red.  Str. 
yellowish-white.  Brittle.  B.  infusible.  In  powder  soluble  in  hot  concentrated 
sulphuric  acid. 

Dauphin^,  Switzerland,  the  Ural,  Caernarvonshire,  M\sl9^  Arkansas.  It  is  not  a  common 
mineraL 
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Fezowskito.— (Ca  0  +  Ti  0").  enbic.  H  5*8  6  399  —  4*017.  Caw  zi 
Opaque.  Iau.  adamantine.  Col.  black,  reddiBh-brown.  8tr,  grayiah-wfiiitt.  B.  in- 
fusible.   Acted  on  yery  feebly  by  bydrocbloxio  acid. 

Found  in  limestone  and  chlorite  slate.    Yogsbnrg  and  the  Uzal. 

Kengito*— Siqjposed  to  oontain  ondes  of  iron  and  maoganeiey  tUanie  asid  and 
zirconia.  priamatlc.  £[5*0  —  6*5  G  5*43.  Frac,  uneren,  connliaidaL  Opa^ie. 
Xm.  metallic.  Co/,  iron-black.  8tr.  brown.  B.  infuaible.  Solubla  m.lioft.  ooBweD- 
trated  sulphuric  acid. 

Found  in  albite  in  Siberia. 

Folymignite.— Pmma/u;  MOqm  Qrv.— Pllnurtle.  H  6*5  G  4*76  —  4-81. 
Case  37.  Frac  conchoidaL  Opaque.  Liu,  metallic.  Col.  iron-blafik.  Sit.  dark 
brown.  Britde.  B.  infusible.  Decomposed  in.  powder  by  conoentzated  nlplniiie 
acid. 

Fonnd  in  syenite  and  basalt  in  Norway. 

Fergasonito.— Psrramujii/  MOtme  Ore.-^e  B  0  +  Ta  O^i  when  B  la  T,  C^  and 
Zr.  pyramliWil,  H  5*5  —  60  6  5*8  — 5*9.  Case  37.  Froft-oonohoidaL  Opaque. 
IMS.  imperfect,  metallio.   CoL  bladdsh-brown.   Sir,  pale  brown.   Bxxttia.    B.  w»fa«M* 

Found  in  quartz  in  Greenland. 

Folykxmae,— Filamatic  H  6*0  G  5*105.  Frae,  conchoidaL  Translncent  in 
thin  fragments.  Lus.  metallic.  Gtl,  black.  Str,  grayiah-brown.  B.  infusible.  De- 
composed by  hot  sulphuric  acid. 

Found  in  granite  in  Norway.. 

M§ehfBi!te^—9MmmfUr.  H  5*5  G  5*1  —  5*2.  Case  37.  F^ae.  imperfect 
conchoidal.  Faintiy  translucent  on  the  edges.  Opaque.  Lut.  imperfect  metallic. 
Col.  iron,  black,  brown.  Str.  yellowish-brown.  Brittle.  B.  nearly  InfbsiUe.  Par- 
tially decomposed  by  concentrated  snlphuzie  aeid. 

Found  m  a  rock  consisting  of  felspar,  albHe,  and  mica^  near  Miask,  in  the  Ural. 

aCalacone.— Fyzamidal.    H  60    G  3-903  —  3*913.    Frae,  conchoidal     Lut. 
vitreouB.    B.  infusible.    Decomposed  by  hot  sulphuric  acid. 
Found  at  Hitterije  in  Norway. 

<EzBtodito.— FjxamldaL     H  5-5     G  3*629.     Case  37..    Tranahuflnt.    Lus. 
adamantine.    Col.  yellowiah-biown.    B.  in&siblei 
Found  at  Arendal  in  Norwajr. 

Mo— Bdrif,— H  4*0  G  2*99.  Case  37.  Tramdueent  in  tMn  ftBgrnenta.  Lu, 
resinous.  Col.  brown.  Str.  grsyiah-brown.  B;  fhsible.  DecompoBed  by  hydro- 
chloric acid. 

Found  in  syenite.    Norway. 

lELeUhKoHtm^^Ttirotitamte.  H  66  G  3*69.  Case  37.  Frae,  oonehoidal.  Ikans- 
luoent.  Lut.  Titreous.  OoL  browniahrblack.  Str.  gncyish-biowiu  B.  Insli^ 
Decomposed  by  hydzochkric  acid. 

Found  at  Buon  in  Norway. 

lMmKinm.^Sesahedral  Jhm  Ore,  OxUhiUmr'TUamHe  Irm.^¥e  9  -f  S>  0>,  yAee 
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Kia  Fe  or  TL    ouftlo.    H  6-0  -  66    G  4*86.-  5*10.    Oaso  37.    Frao.  ooachoidal 
Opaque.    Zui,  metallic.    CM,  iionrblaek.  8tr.  blade    Brittle.   Magnetic.  B.  iafniiULe 

Found  in  basalt  and  doloEite>  alio  aa  sand. in  .alloTinm.  Saaony,  Upper  louatia,  Unkel, 
the  Rhine,  France,  Calabria.  Distinguished  from  nigrine,  a  variety  of  mtile,  by  its.  inferior 
hardness  and  black  streak. 

Zlmenite. — TitaniHc  Iran^  Ascotomous  Iron  Ore,  Crichtonitey  KthdelopJuinef  MmaC' 
eamte, — Ti  0^  Vith  Fe  0<  in  various  proportions,  rboinbolkediral.  IT  5*0  —  6*0 
G  4*66'—  5*31.  Case  37.  Frac.  conchoidal.  Opaque.  [Lim,  im^rf&ct  metalUc. 
Col,  iron-bl&ck.    8tr.  black,  brown.    Brittle.    B.  infusible. 

Foimd  imbedded  in  serpentine,  and  also  disseminated  through  sand«.  Saltzburg^  Siberia, 
France,  Bohemia,  St.  Domingo. 

moUte. — Tantaliie,  Baieriney  IbrrHiief  SemiprismaUe  Temtal  Ort^  Obtumbite, 
pzismatic.  H  60  G  5*32  --  6*39.  Case  38.  Frae.  imperfect  conchoidal.  Opaque. 
Lm,  imperfect  metailio.  CM.  bkok.  Str.  daik-bromi.or  black.,  B.  infusible.  Not 
acted  on  by  acids. 

Found  in  granite..  BUbenttein,  Bmen,  Connecticut,  Massachusetts,  and  New  Hamp- 
shire. 


TSMitallt©.— PWwiMrtw  Tmtaltm  Ore,  Cohmbite,-^¥e  0'4.  Ta  0*. 
H  6-0  —  6-5    G  7-0  —  8*0.    Case  38.    Frae.  conchoidal:    Opaque.    Lita,  imperfect 
metallic.    Cb^  irouoblaoki    i9^.  brown.    B^fbudble.    Not  acted  oiLby  aeidt. 

Found  in  granite,  felspar,  and  quartz.  Sweden,  Bavaria,  Bohemia,  Connecticnt',  Mas- 
sachusetts. 

TttrotantaUto.— (3  HO  +  Ta  O^),  where  R  is  Y,  Ca,  Fe,  XJ.  HTff'O—  5-5 
G  6*39  —  5*88.  Case  38.  J^ae,  conchoidal.  Opaque.  Zus,  imperfect  metallic.  Gol, 
black,  brown.    Str,  gray  or  white.    B.  invisible.    Not  acted  on  by  acids. 

Found  in  indistinctly  formed  crystals,  in  felspar  and  granite.  Sweden,  Ftdilun,  imd  the 
Ural. 

Saiojanldle,--ZrrafiotantalfTttrO'ilmeruie.  piismatic.  H5*5  G£l-617  —  5*715. 
Case  38.  Frac.  conchoidal.  Opaque.  Lus,  imperfect  metallic.  Col,  Black.  Str, 
dark-brown.    B.  fusible  on  the  edges.    Soluble  in  hydirochlorio  acid; 

Found  in  felspar.    Dmen,  near  Miask. 

Wohlexite.— H  5-5  G  3*41.  Case  38.  Frae.  conchoidal.  Tranjsluoent.  Lus, 
vitreous.  Col,  yellow,  brown,  gray.  Str.  yellowish-white.  B.  fusible.  Decomposed 
by  warm  concentrated  hydroohlorio  acid. 

Found  in  tabular  and  columnar  crystals  in  syenite.    Norway. 

SiiJLeiiit««— H  6*5  G  4*6.  Case  38.  B'ae.  imperfect'  aosfchoidal.  TrvudnoeBt. 
Lus.  resinous.  Col.  browmsh-blaok.  Str,  reddiah-brown.  B.  iniuaible.  Not  aoted 
on  by  acids. 

A  rare  mineral,  found  in  Norway,  named,  ftom  w^^os  a  tinmgery  on  aooount  of;  its 

rarity. 

Sch<Hrlomit*.--JVrro^fVan»^.— 2(R0  +  SiO^)  +  (2£0  +  TiQ2)j.  where  E  io  Fe, 
Oa,  and  Mg.  aaaovyhowi.  H  7*5  G  3*783  —  3*807.  Frao,  ooncboidaU  Opaque. 
hue.  vitreou&  Col  black,  iiidesoent.  B.  fusible  on  the  edges.  Peooxuposod  partiuUly 
by  hydrochloric  acid. 

Found  massive  with  brookite.    Arkansas. 
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A ntlinanocli#r .— (7#rt>anrt<tf,  Antimonial  Oehrt,  Antknonidl  Oxide. — SbO*4-8bO* 
-4-2HO.  amoiphovs.  Very  soft.  O  528.  Caie  38.  Frae.  uneren,  earthj. 
Opaque.  Lui.  dull.  Co/,  jrelloir.  Sir.  yellowiflh-white,  ahiniiig.  BrttUe.  B. 
TolatilijBef. 

Found  with  ftntimonite,  in  Spain,  Hungary,  BaTuria,  Mexico,  Padatow,  Comwall. 

Xmbms. — R§d  Antitnony^  Antimony  Blmde,  Frumatie  Purple  BUnde. — (SbO'4' 
2SbS^.  oblique.  II  lb  G  4  5  -  46.  Caae  U.  Faintlj  tranaliicent  Lm, 
adamantine.  Col.  cWry-rod.  8tr.  red.  Soctile.  B.  fuiible.  Soluble  in  bjdro- 
chloric  acid. 

Found  in  cryntalline  tlate  and  traniition  rocka.    Saxonj,  Bohemia,  Hungary,  DaopluD^ 

ZmiadmrMrs«^An  impure  anenical  iulphuret  ot  antimony  and  lead.  M,  dirty 
red. 

Found  in  capillary  eryttala  interlaced,  and  presenting  the  i^eaiaiice  of  take*  of  tmdcr. 
The  Hartz. 

Talaniiniie.— JSrt/iZe,  Oxid$  of  Antimony,  WhiU  Antimony,  Pritmaiie  Antimony 
Baryte.'^QhCP.  ptismaUe.  H  2*5  -  30  O  5566.  Caae  38.  Send-tranapatnt, 
translucent  Lus.  adamantine.  Chi.  white,  gray,  yellow,  brown,  red.  Sir.  white. 
Soctile.    B.  fuaible.    Soluble  in  nitro-muriatio  acid. 

Found  in  Bohemia,  Saxony,  Hungary,  Naaeau,  Danphin6.  Oxide  of  anUmony,  cryttal' 
Uzed  artificially,  if  dimorphous ;  Uie  crystab  belonging  to  the  cubical  or  priamatic  system, 
according  as  thoy  are  formed  at  a  high  or  low  temperature. 

Meh—HU,^Tmgti(Ue  of  Lime,  Tmgtten,  Pyramidal  School  Baryta.-— CtJd  +  WOl 
pyramidal.  H  4  5  G  5-9  —  6*22.  Caae  38.  Free,  imperfect  conchoidaL  Semi- 
transparent,  translucent  on  tlie  edges,  hue.  ritreoua.  Col.  wlute,  gray,  yellow, 
brown,  orange,  red,  green.  Str.  white.  Brittle.  B.  fiiiible.  Decomposed  when  in 
powder  by  warm  hydrochloric  and  nitric  acids. 

Found  in  gold,  tin,  and  copper  mines.  Bohemia,  Saxony,  Cornwall,  Cumberland, 
Connecticut,  Hungary,  France,  the  Hartz,  Siberia,  Chili. 

WoMnatL^—Timgttate  of  Iron,  Priomatio  Seheel  Oro.^(EiO  +  WO^,  where  B  ii 
Fe  and  Mn.  piinnaUG.  H  5*5  G  7*0  —  7*5.  Case  38.  Frae.  nneren.  Opaque. 
Lui.  fn^ft»n^«t<"<*  Col.  brownish-black.  Str.  brown,'  black.  Slightly  magnetic.  B. 
fusible.    Decomposed  by  hydrochloric  acid. 

Found  in  veins  ot  quartz  and  granite.  Bohemia,  Saxony,  France,  the  Hartz,  Conwill 
Cumberland,  Hebrideii,  Ceylon,  Siberia,  Connecticut,  South  America. 

ftolslto — TungetaU  of  Lead,  Seheel  Lead,  Bystomous  Lead  Baryta ^Pb04.  WO*. 

pywwMal.  H  3*0  G  7*9  —  8'09.  Caae  38.  Frae.  conchoidal.  Semi-tram^arent 
Lm.  reainoua.  Col.  gray,  brown,  yellow,  groen.  Str.  grayiah-white.  Brittle.  B. 
fusible.    Soluble  in  nitric  acid. 

Found  with  quarts  and  mica,  in  the  tin  minea  of  Zimmwald,  in  Bohemia.  Carinthis, 
ChilL 

^•SkUiaiU^VanadiaU  of  Lead,  JohnttoniU^V\^  +  2PbO  +  (8PbO  +  370^. 
ilMB&bolMdial.  H3'0  G  6-83 —  6-89.  Caae  38.  i^Mt.  oonchoidal  Feebly 
tranalucent.  Opaque.  Lus.  yitreons.  Col  yellow,  brown,  green,  white.  Bit' 
white,  yellow.    B,  fusible.    Soluble  in  nitric  acid. 

Found  in  Mexico,  the  Ural,  and  Dumfriesshire. 
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»ecli«nlte.-(PbO  +  V0»).    H  40    G  6*81.    Xi«.  greasy.    Co/,  dull-red.    Sir 
yellowish.    B.  fuaible. 
Found  in  BaTaria. 

ToUozthito.— Fanoita^  of  Copper. ^iCuO  +  VO'  +  HO,  part  of  the  Ou  re- 
placed by  Ca.  zhombohedna.  H  3*0  —  3*5  G  3*459  —  3*860.  Case  38.  Trans- 
lucent.   Lus,  pearly.    Cof»  green,  gray.    Sir,  yellowish-green. 

Found  in  the  permian  formation.    Ingowskoi,  Thuringia. 

Molybdanocher.'Oart^  of  Mofybdenumy  Molyhdte  AM-^Mo  O^.  Earthy. 
Case  39.  Opaque.  Lus.  dull.  Ool.  orange-yellow.  B.  fusible.  Soluble  in  hydrt)- 
chloric  acid,  in  potash,  and  in  ammonia. 

Found  with  molybdanite.    Norway,  Scotland,  and  the  Tyrol. 

WnUeniim^—Molybdate  of  Lead,  Tdlow  Lead  Orej  Carinthite,  Pyramidal  Lead 
Bargta.—YhO  +  MoO».  pyinunidal.  H  30  G  6*3  —  6*9.  Case  39.  Frae,  con- 
choidaL  Transparent,  translucent  on  the  edges.  Lus. '  resinous.  OoL  colourless, 
yellow,  green,  red,  gray,  brown.  8tr,  white.  Brittle.  B.  fusible.  Decomposed  by 
acids. 

Found,  in  crystals  and  massive,  and  in  lead  mines.  Carinthia,  Austria,  Hungary,  the 
Banat,  the  Tyrol,  Saxony,  Bavaria,  Massachusetts,  Pennsylvania,  Mexico. 

Wolchonikoite.— (A  hydrosilicate  of  chrome  ?)  H  2*0  —  2*5  G  2*21 3 — 2*303. 
Case  39.  Frae.  conchoidal.  Opaque.  Lus,  dulL  Col  green.  Str,  lighter  green* 
B.  infusible.    Decomposed  by  hydrochloric  acid,  leaying  a  jelly  of  silica. 

Found  in  veins  and  nodules.    Perm  in  Bussia. 

Chromochze. — Massive  and  inyesting  other  minerals.  Case  39.  Opaque.  Lus. 
dull.    Col.  green. 

Foond  in  conglomerate  and  porphyry.    France,  Sweden,  Silesia. 

Lehnuoiiiita. — Chrotnafe  of  Lead,  Red  Lead  OrOy  Eemiprismatio  Lead  Baryta^ 
Kalochrome,  Crocoisite^  KrokoiU.—VhO  -h  CrO^.     oblique.      H  2*5  —  3*0    G  5*9 

—  6*1.    Case  39.    Frae.  conchoidal,  uneven.    Translucent,    Lus.  adamantine.    Col. 
red.    Str.  orange.    Sectile.    B.  fusible.    Decomposed  by  warm  hydrochloric  acid. 

Found  with  quartz  in  granite  and  talcose  slate.    Siberia,  the  Ural,  Brazils. 

Tl%miiioit9.~-Melanoehroitey  PhSnikoehroUf  Fhbnieit.^3  PbO   +   2  CrO^     H  3*0 

—  3*5    G  5*75.    Translucent  on  the  edges.    Lus.  resinous.    CoL  red.    Str.  briok-red. 
Slightly  brittle.    B.  fusible.    Decomposed  by  hydrochloric  acid; 

Found  in  veins  of  quartz  in  the  Ural. 

'VtLaq;atlinitt,—Chromate  of  Lead  and  Copper^  Hemiprismaixe  OUoe  MalaehHe, — 
(3  CuO  +  2  Cr03)  +  2  (3  PbO  +  2  CrOS).  obUque.  H  3*0  —  3*5  G  5*75. 
Case  39.  Frae.  flat,  conchoidal.  Slightly  translucent.  Opaque.  Lus,  waxy.  Cb/, 
green,  brown.    Str.  green.    B.  fusible.    Soluble  in  nitric  acid. 

Found  in  veins  of  quartz.    The  Ural,  Brazils,  North  America. 

ChiomLte,-~Chromaie  of  Iron,  Octahedral  Chrome  Ore,  Prismatie  Chrome  Ore, — 
BO  -f  R'2  03,  where  R  is  Fe,  Mg,  or  Cr,  and  R'  is  Cr,  Al,  and  perhaps  Fe.  eubie. 
H  5*5     G  4*40  —  4*59.    Case  39.     Frae.  .uneven,  imperfect  conchoidal.      Opaque. 
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Lu8,  metallic.    'Col.  iron-Uaek,  brownish-black.     Str.  dark-brown.    'Brittle.    Some- 
times slightly  magnetic.    B.  infusible.    Soluble  in  bisulphate  Of  potash. 

Found  in  serpentine,  limestone,  and  in  streams.  France,  Stiria,  BailAihire, 'Stilling- 
shire,  Silesia,  JBobemia,  Norway,  Siberia,  Maryland,  Pennsylrania,  YemMnt^  Nem  Untsj, 
Masiachusetts,  Baltimore,  St  Domingo.  The  large  proportbn  of  chrome  renders  this  a 
'highly  TSluable  minersL  In  combination  with  the  oxides  of  other  minerals  it  yidds  gieen, 
yellow,  and  red  pigments,  used  in  oil  painting,  dyeing  and  oolooring  pere^auoL 

S^MmtAkmt.— Native  Boraeie  AM^  Fnmatie  BoraeU  Jfd^.— BoO>  +  8H0. 
SMMtthio.  Hl*i)  61*48.  Case  39.  Traasparent,  twuMJncent.  Xifs.ipMaJly.  CoL 
white,  eoloarleis,  grayish-white,  yeliowish'^hite.  Str,  white,,  unotaona  to  th«  toch. 
Taatey  acid  and  bitter.    Soluble  in  water  and  in  aloohol. 

Found,  mixed  with  solphnr,  in  the  islands  of  Ynlosno  and.StsoBaboU,  and  in  thewster 
of  the  hot  springs  of  Sasso,  in  Tuscany.    Used  in  the  manniiEusture  of  borax. 

Hayesine  ^EydroboroeaUite^^iP^O  -)-  BOP)  -(-  6H0.    Case  39.    XXL  white. 
.-Found  abundantly,  in  fibrous  masses,  on  the  dry  plaina  near  Iquique,  in  Peru. 

Olydi^lMaraoiU.— (3CaO  +  430^}  +  (3MgO  +  iBO^  +  18H0.  -fi  2-0  0 1<9. 
In  thin  leaves  translucent.  Col,  white.  B.  fusible.  Soluble  in  hot  hydrochloiaMHid 
aitnoaoids. 

Found  in  fibrous  masses  in  the  Caucasus. 

'"TtnoiX.'^Boraie  of  Beia,  PritrmtHc  Jhrwf  All6— mO  H-  SBO*  4-  lOHO. 
tfUiqiie.  H  2*0 -2-6  6-r716.  Gmo  89.  jyvn;.  coMfaoidaL  Tnmipazeat,  tans- 
lucent.  Lus,  TcsiBOUi.  VU.  eoloarksi,  white,  gray,  yellow,  green.  Ste,  .'white. 
Bather  brittle.    Taste,  alkaline,  sweetiah.    3.  fnsiUe.    8ohddb;in  w«ter. 

FoiumL  oo  the  shores  of  some  lakes.  Thibet,  N^anl,  China,  Ceylon,  Santh  Amwica, 
Tincal,  when  purified,  forms  the  refined  borax  of  commerce.  It  is  used  aa  a  flux  in  ji^ass 
manufkctories  and  in  soldering. 

Boiaclto  —Borate  of  Magnma,  Tetrahedral  Boradte.—2MgQ  -f-  iBO^.  cubic. 
H7'0  O  2*83  — -  2^96.  Case  39.  Vrae.  conehoidal.  Traa^aMiit,  'tnnwNiwiit  on 
the  edges.  Xw.  Titreoos.  CM,  white,  colourless,  gray,  yellow,  green,  brown.  ^Btr. 
white.  Pyrodectric  B.  ifoslUe.  Solulde  idien  in  powder  In  faydrociiloric  and'  mtnc 
acids. 

Found  in  gypsum.    Brunswick,  ISolstein,  Rranee, 

WLhottUttm.—2(hO  +  4B03.     oiiMe.    fi  [a-O    6  3*416.     Tnmjineent     Im. 
yitfeous.    Co/,  white,  yellowidi,  grayish.    Fyxoriectric    B.'fnaihle  with  dffficnlly. 
Found  with  red  tourmaline  and  quartz,  in  the  UraL 

IhiilMlldtm.'-^iliceous  Borate  of  Lime,  BotryoliU;  SmnboUik,  IBtmarkite,  Tiritmatie 

JDfftkme  vSp«r^2CaO  -f  SiO^  -f  (BO^  -|-  SiO^}  -f  HO.    pilcmatic.     H  6  b 

G  ;2r8  —  8*0.     Case  39.     Fnu.  imper&ct   conchoidaL     Tranabioent,  transpereot 

.  Jjua.  Titreous.     Col.  white,  inclining  to  green,  yellow,  and  gray.    Btr.  white.    Brittle. 

B.  fusible.    Decomposed  by  hydrochloric  acid,  leaying  a  jelly  of  aOica. 

Found  in  shite,  sandstone,  serpentine,  and  greenstone.  The  Haztz,  BaTaxia,  the  Tyrol 
Tuscany,  Italy,  Connecticut,  New  Jersey,  and  Scotland. 

Tommallnc.— S<;Aor;,  AphrizUe,  BubeOiie,  IndicoHU.--fhomholauttLnl,  H  7*0 
—  7*5  G  3*0  —  3*3.  Case  40.  Frae.  imperfect  conehoidal  Transparent,  almost 
opaque.    Lu$,  yitreous.     Coh  colourless,  gray,  yellow,  green,  blue,  red,  brown,  bladL 
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Sir,  white.  Tyw^eMao.     B.  fadble.    Deooinp«a6di>y  oanoentratod  sulpluuio  .add 
•fter  finiozi* 

Found  in  gneiss,  granite,  mioa  slate,  pebUw  and  sand  of  xirere.  T3ie  Gzimsel,  Saxonyi 
Jioravia,  Massaohusatts,  Siberia,  Bothida,  Carinthia,  Ceylon,  Pega,  Madagascar,  Brazils, 
the  Tyrol,  Deronshire,  CornwaJ],  Sweden,  Norway,  Greenland,  the  Ffrenees,  Banffshire, 
-Elba.  The  blade  opaque  rarieties  are  oalled-f  cAoff,  tiie  bine  crystals  from  Sweden  indiwlUet 
.and  the  red  yaarieties  rubeiUtet  at.tiberiU,  The  spaoiman of  rabellitein  the'Bsilifih  Mosenm, 
presented  bj  the  King  of . Ava  to  Colonel  Symes,  haa  been  valued  at  j||500.  The  blue,  green, 
and  brown  transparent  crystals  are  much  prized,  on  account  of  their  property  of  polarizing 
light,  when  cut  'in  thin  plates  'parallel  to  tiie  axes  of  the  hexagonal  -prism.  Some  of  the 
tnmspsrentTaiieiiies  are  used  as  gems,  and  «Ere<8ometimes  sold  for  emeralds,  topaz,  and  red 
sapphire.  The  yellow  tourmaline  is  quite -as  TSluable  as  the  topaz ;  but  the  green  and  red 
are  inferior  to>the  emerald.and  sapphire.    The  «peaific  gxavitytaffordsaready  test  for  their 


JL^tmiUi^Prunmtic  AjsmUt^  J^tMnVt,  ThmmmnUmr-^WMMMdi^,  H  6*5  -  7*0 
G  8*29 — S?BO.  i0«ie'40.  i>Vw0.  eonohoidal.  Transparent,  transluoeirt  on  the  edges. 
Xks.  yitreous.  Col,  brown,  blue,  gray.  Brittle.  Acquires  vitreous  electricity  by 
fofltian,  pyxoelfiotno.  JB.  iiiaibk.  Beoompoaed  hy  hydBocbkKic  acid  after  fiision, 
leavixig  a  jeUy  df  ailioa. 

Found  |in  granite,  dioxiite,  diabase,  gneiss,  mica  slate,  and  clay  slate.  DanphinS,  Corn- 
wall, the  I^rrenees,  Savoy,  St.  Gotthardt,  the  Tyrol,  Saxony,  Norway,  Sweden,  the  Ural,  the 
Haztz.  Though  susceptible  iX  a  high  polish,  itiwants  the  brilliancy  requisite  for  an  orna- 
-mental  sfcona. 

ITtttanm.  -^Carbonate  (^SoOa,  WemipnmtiHe  "Ktttrcn  'S^lf.— -(Ka  0  +'C0^  + 10  HO. 
<lbliqii6.  H  1*0  — 1^5  '0  1*423.  Case  41.  ^cte.  condhoidal,  transparent,  semi- 
transparent.  Xttf.  vitreous.  Cb/.  colourless,  wlii1e,7eIloWy  gray.  ^. -white.  Sectile. 
Taste  alkaline,  pungent.    B.  fusible.   JBobxhle  in  water. 

Hungai^ithe  'Asiatic'Bteppes,SQhemia,  Vesuvius,  ^tna,  TenerifliB,  Guadaloupe,  Egypt. 

iDimui.— PH^ffMloMfo?  Tnma  SkOt,  SirmMl  £^Mfor— (2  m  0  +  8  CO^)  +  4  HO. 
obllqtie.  "H  2*6  G2'112.  'Case '41.  -IVo^.  uneven.  Transparent,  translucent.  Lus. 
vitreous.  Col,  colouxless,  v^hite,  gray.  3tr,  -wliite.  Brittle.  Taste  alkaline.  B.  fusible. 
Soluble  in -water. 

Found  -on  the  banfas-of  natron  lakes,  and  under  a  stratum  of  clay.  Egypt,  Fezzan, 
Columbia. 

Theimonatxita.  —  Pmma^w  Carbonate  of  Soda.  —  'NtL  0  +  CO^  +  HO. 
prtnaatic.  H  1*5  G  1*5  — 1*6.  Pr0(^  conehoidal.  Transparent,  translucent.  Lus, 
•vitreous.  CoL  colourless,  white,  yellowiA.  Str,  white.  Sectile.  Taste  pungent, 
alkaline. 

Found  ^th  natron.  Debreczin,  Tesuvins,  Egypt,  Asia,  and  America.  Supposed  to  be 
the  nitre  of  the  Old  Testament. 

iLktttnd^.—Right  PHsmatie  Baryto-edleite.'-^^^z.O  +  CO^)  +  (Ca  0  +  Co*) 
priraiatic.  H  40  —  4*5  G  3'65  —  3*70.  Frae.  conchoidal.  Transparent,  trans- 
lucent. Lu9,  vitreous.  Col,  colourless,  grayish,  white.  Str,  white.  Soluble  in  acids 
•with  effervescence. 

Found  in  veins  with  galena,  Alston  Moore  and  Fallowfield. 

Ba^yU  etJiAhbiSemprimatie  iral'Bar^ta,^{BtL  O  4-  00^)  +  (Oa  0  GO^. 
•Miqna.    IS  4^0    0  3*6— ^'7.    Case  41.    jProe.  imperfedt  condimdal.    Transparent, 
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translucent.    Liu.  vitreous.     Col.  grayish,  yellowiah,  or  greeniah-wiiite.     Sir.  vhite 
Brittle.    B.  infusible.    Soluble  with  effervescence  in  hydrochloric  and  in  nitrio  acids. 

Found  in  mountain  limestone.     Cumberland. 

Wltheiite.  —  Cbr3ona^«  of  Baryta,  JHpritmatic  Eai-Bmryta^^lRn,  O  +  C  0'. 
ptismatie.  H  3  0  —  3*5  6  4*2  —  44.  Case  41.  Frae.  uneven.  Semi-transpa- 
rent, semi-translucent.  Lua.  vitreous.  Col.  white  inclining  to  yellow,  gray,  green, 
and  red.    Brittle.    B.  fusible.    Soluble  with  effervescence  in  dilute  hydrochloric  acid. 

Found  in  transition  rocks,  granite  and  porphyry.  Lancashire,  Cumberland,  Duihsmi 
Westmoreland,  Shropshire,  Flintshire,  Styria,  Saltzburg,  Silesia,  Hungary,  Siberia,  Sicily, 
Chili.    Distinguished  from  baryte$  by  its  solubility  in  acids. 

SUontiMXkitt.^Carbonate  of  Strontiatiy  Peritonuma  HaUBaryia.  Sr  O  -(-  0  01 
pzismatic.  H  3*5  G  3'59  —  3-65.  Case  41.  Frae.  uneven.  Transparent,  trans- 
lucent Im8.  vitreous.  Col.  colourless,  white,  gray,  yellow,  green.  Sir,  white. 
Brittle.  B.  fusible  on  the  edges.  Soluble  with  effervescence  in  hydrochloric  and  nitric 
acids. 

Found  in  limestone,  clay,  ironstone,  basalt  Strontian,  Leadhills,  Yorkshire,  Fniberg, 
Clausthal,  Saltzburg,  Westphalia,  the  Grisons,  Giant's  Causeway,  Poland,  New  York,  Pern. 
Strontia  and  all  its  combinations  possess  the  property  of  giving  a  red  colour  to  flame,  and  is 
therefore  used  for  fire* works. 

Aragonlte. — Prismatte  Lime  Saloide,  Tarnomteite,  Satin  SpoTj  Needle  Spar,  lybiie. 
— Ca  0  -i-  C  0'.  prismaUc.  H  3*5  _  40  G  2*93  —  301.  Cases  41  and 42. 
Frae.  conchoidal.  Transparent,  translucent.  Lus.  vitreous.  CoL  colourlesa,  white, 
gray,  yellow,  green,  blue.  Str,  grayish-white.  B.  infusible.  Solitble  with  effi^- 
yesoence  in  nitric  and  hydrochloric  acids. 

Found  in  gypsum,  basaltic  rocks,  beds  of  brown  iron  ore,  serpentine,  lava,  and  deposited 
by  hot  springs.  Aragon,  Valencia,  Bohemia,  Baden,  Hessia,  Auvergne,  the  Tyrol,  Hnngarr, 
Siberia,  Greenland,  Thuringia,  the  Hartz,  Styria,  Piedmont,  Yesnrius,  Iceland,  Carlsbad, 
Cumberland,  Carinthia,  Devonshire,  Buckinghamshire,  Leadhills,  Galloway.  This  mineral 
is  named  from  Aragon,  a  province  of  Spain.  The  corralloid  varieties  which  occur  in  beds  of 
iron  ore  are  called  Flos  Jerri ;  and  the  massive,  silky,  fibrous  varie^  derives  the  name  of 
Satin  spar  from  its  appearance.  Aragonite  is  distinguished  from  calcite  by  the  form  of  its 
cleavage,  and  by  flying  into  powder  on  being  exposed  to  heat  When  carbonate  €f  Hme 
crystallizes  from  its  solution  in  boiling  water  containing  carbonic  acid,  it  forms  crystals  of 
Aragonite;  if,  however,  it  crystallizes  from  the  same  solution  at  the  ordinary,  temperators  of 
the  atmosphere,  it  takes  the  form  of  calcite. 


Calcite. — Carbonate  of  Lime,  Rkomhohedral  Lime  IIaIoide.—C%  0  -}-  C  O*. 
bohedzal.  H  30  G  2*69  —  2*75.  Cases  42—46.  Frae.  conchoida].  Transparent, 
translucent.  Iau,  vitreous.  Col.  colourless,  white,  blue,  green,  yellow,  red,  brown, 
black.  9/r.*white.  Brittle.  B.  infusible.  Soluble  with  effervescence  in  hydrochloric 
and  nitric  acids. 

Found  in  limestone  and  almost  every  kind  of  rock,  also  in  cavities  of  amygdaloidal 
rocks.  Iceland,  the  Hartz,  Derbyshire,  Cumberland,  Prague,  Carinthia,  Bohemia,  Saxooj, 
France,  United  States,  Thuringia.  The  beantifol  transparent  varieties  from  Icelsnd  are 
called  Iceland  spar,  and  are  remarkable  for  the  beantifnl  manner  in  which  they  exhifatt  tiie 
properties  of  double  refraction. 

Scfiiffer  Spath  or  Slate  Spar,  a  lamellar  variety  of  carbonate  of  lime,  is  fimnd  in  Ssiooj, 
Bohemia,  Norway,  Cornwall,  Scotland,  Wicklow. 

Granular  lamettone  and  Statuary  Mmrhle  consists  of  minute  crystals  of  eailwi— ts  ef  lime. 
This  substance  is  valued  according  as  it  is  fr«e  from  flaws,  colour,  snd  is  ei^sUeof  iccemag 
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a  good  poli«h.  Naxos,  Paros,  Tenedos,  Carrara.  Marbles  Tariously  coloured  by  foreign  sub- 
ttances  form  the  greater  part  of  the  transition  rocks. 

Oolite  or  Roestone  consists  of  an  aggregation  of  minnte  globular  masses  of  carbonate  of 
lime.    The  Portland  and  Bath  stones  are  rarieties  of  oolite. 

StcdacHtw  are  pendoloos  masses  of  carbonate  of  lime,  hanging  from  the  roofs  of  cayems, 
and  formed  by  the  water  trickling  through  the  roof  charged  with  carbonate  of  lime. 

Tvfa  or  Caleareotu  Ti^  is  a  porous  variety  of  limestone,  deposited  by  calcareous  springs. 
It  possesses  the  valnable  property  of  hardening  on  exposure  to  the  air. 

Chalk  is  a  massiTe  opaque  carbonate  of  lime,  consisting  almost  entirely  of  minute  fossil 
inftisoria. 

Ankeiiie.— iVrcKomoiM  Lime  Haloide^  JRhoe  Wand^  TTamfs^Vt.— xliombohedxal, 

H  3-6  —  4-0  6  3-040  —  3085.  Frae,  uneven.  Translucent.  Iau,  vitreous.  Col, 
yellowish,  white,  gray,  brown.  8tr,  white.  Brittle.  Soluble  with  effervescence  in 
nitrio  acid. 

Found  in  beds  of  mica  slate.  Styria.  Highly  prized  as  an  iron  ore  and  as  a  flux  for 
tmelting. 

J^olomiX%— Bitter  Spar^  Pearl  Spar,  Tharandite^  Brown  Spar,  Miemite^  Rhomb  Spar ^ 
Ma^ftesian  Carbonate  ofLimCy  Magneaian  Limeetone,  Maerotypoua  Lime  ffaloide.'-Ca.  0  + 
G  0^  Mg  0  +  G  0'.  rhombohedval.  H  3*5  -  4*5  G  2*80  —  2*95.  Gase  47. 
Frae.  conchoidal.  Semi-transparent,  translucent.  Lue,  vitreous.  CoL  colourless, 
white,  green,  yellow,  red,  blue,  biown,  gray,  black.  Sir,  grayish-wMte.  Brittle. 
B.  infusible.    Soluble  in  hydrochloric  aoid. 

Forms  rocks  by  itself,  and  occurs  in  beds  in  other  rocks.  The  Apennines,  the  Tyrol, 
Switzerland,  Piedmont,  Tuscany,  Saxony,  Bohemia,  Hungary,  the  Hartz,  Norway,  Sweden, 
Scotland,  England.  Better  adapted  for  mortar  than  common  limestone,  as  it  absorbs  less 
carbonic  acid.  The  white  marble  of  Paros  and  lona  belong  to  this  species.  It  admits  of 
being  cut  and  polished,  and  is  said  to  be  durable. 

Xagneflite.— Cardofiato  of  Moffnesia.-Mg  0  +  G  0^.  rliombohedsal.— H  4*5 
—  5*0  G  2*88  —  3*02.  Gase  48.  Frac.  conchoidal.  Transparent,  translucent  on  the 
edges.  lAts,  vitreous.  Col,  colourless,  yellow,  brown,  black.  Sir,  white.  B.  infusible* 
Soluble  in  dilute  sulphuric  acid,  and  in  nitric  acid.    Adheres  to  the  tongue. 

Found  in  serpentine.  Sweden,  Silesia,  Moravia,  Styria,  the  Tyrol,  East  Indies,  Spain, 
America. 

Hydxomagnesite.— iVa^tre  Moffneeiaj  Eydroearbonate  of  Magnesia.  Lancasterite, — 
3  (Mg  0  +  G  02)  +  (Mg  0  +  4  H  0).  obUque.  H  3-5  G  214  —  2-35.  Gase  47. 
Faintly  translucent.  Lue.  pearly.  Col,  white,  green.  8tr,  white.  B.  infusible. 
Soluble  in  hydrochloric  acid. 

Found  in  earthy  masses  in  serpentine.  New  Jersey,  New  York,*  Shetland  Islands. 
Beaembles  talc,  but  distinguished  from  it  by  its  hardness  and  specific  gravity. 

BtLjloaiU^—Hemipriematie  Kouphone  HaIoide,^{l^&  0  +  G  0*)  +  (Ga  0  +  G  O^) 
+  5  HO.  oblique.  H  25  G  1*928  —  1*950.  Gase  48.  />«<;. conchoidal.  Trans- 
parent,  translucent.  Lm.  vitreous.  Col,  colourless,  white,  gray,  yellow.  8tr.  white. 
Brittle.    B.  fusible.    Soluble  in  nitric  or  hydrochloric  acid. 

Found  in  crystals  in  a  bed  of  clay  at  Lagunilla  in  Columbia;  it  is  called  clavo*  or  nails 
by  the  natives,  from  the  appearance  of  its  crystals. 

Chalybite. — Spathoselron^  Sparry  Iron^  Carbonate  of  Oxide  of  Iron^  Sphdrosiderite, 
8iderite.—YQ  0  -f-  0  0^.  rhombohednl,  H  3*5  -  4*5  G  3*70  -^  3*92.  Gase 48. 
Frae,  imperfect  conchoidal.    Transparent,  translucent.    Opaque.    Lue,  vitreous.     Col, 
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yellow,  Inrown,  gray,  yiiute,  red*     Ar.  yeUownh-wliite.     Brittle.     BoliiUe  iii'^niia 
sitiicacid. 

Found  in  gneiss,  slate  and  linuatone,  in  mfttallifi  veiBS,  and  in  oavities  in  tarap  xofihs. 
The  Haortz,  Nasaan,  S^ia,  Garinthia,  Weatphalaa,  the  Pyxenaea,  JBohamia,  Baaumj,J3»ron- 
shire,  day  /roii>to}M,-whioh  is  a  mixtnxe  of  chalybiie  and  day,  is  £umd  in  Stafforddiiie, 
South  Wales,  Bohemia,  Mozaria,  Silesia,  'Poland,  United  States.  A-veiy  Talnahle .izaa  ore. 
The  Styrian  steel  is  obtained  &om  .the  iron  made  from  it. 

JiiaXlos,^tBi^^atbonaU  ofManganese^  Red  Manganese,  SAoArtoHA^.— M n  0  -HC  O*. 
jrhom^ohedzal.  H  3*5  —  4*5  G  3*43  —  3*63.  Case  48.  I^ae.  uneyen.  Slightly 
translucent.  Xt».  vitreous.  CMl  rose  refl,  flesh  zed.  8tr,irbite.  Brittle.  B.  iniosible. 
Soluble  in  hydrochloric  acid. 

Fonnd  in  gneiss,  porphyry,  and  hematite.  Saxony,  Hungary,  Transylrania,  the  Hartc, 
Switzerland,  Ireland.  Distinguished  from  manganese  sparl)y  its  hardness.  Sontne^atietiBS 
become  brovm  by  e3q>osare  to  air. 

Ctdaaaaixxm.— Carbonate  of  ZinCf  Zine  Spar,  Bbombohedral  Zinc  Baryta,  Smi^sofSte,— 
ZnO  +  CO^.  vhomlioliedial.  -H  d*0  G  4*34 —  4-46. v^Oaie  40.  ii!n».  uneyen. 
Semi-transparent,  translucent.  Ims,  vitieous.  'OoL  colouileH,  irixite,  'grey,  *gBefln, 
brown.    i9^.  white.    Brittle.    B.  infuaible.   <:fldlitblein4rfdrocliloric  aieid. 

Found  in  the  slate,  transition,  coal  and  oolite  formtttdons.  Westphalia,  Silesia,' OarinfiBa, 
tiie  Banat,  Poland,  Hungary,  Sewia,  the  Altai,  'Siberia,  'Franee,  Belgium,  United  Stefen, 
Scotland,  Somersetshire,  Derbyshire,  Cumbeilaiid.    Zinc  ia  eatnetad  £eom  this  oste. 

mwaOtte^^Aftrufhalcite,  Oridhdleite^^(^  Zn  0+0  ^^  +  (2  Oa»0  +  00^  + 
BtHO.  13:  .2-0.  Case  49.  Tnmsluoent.  Xfw.  pearly.  Col.jgreen.  fioluBIeinliyazo- 
chlorif-  aoid. 

Found  in  the  Ural  and  in  France. 

Belliite.— 'CMofUE^  of  Silver,  Gray  Silver. — ^Amorphous.     'Frae,  uneyen,  earthy. 
Lm,  dull.     Col,  gray.    Soft.    Sectile.    B.  fuaible.    Soluble  ianitricacdd. 
Found  in  the  Bladk  Forest  and  Mexico. 

Cerassite. — Carbonate  of  Lead,  Lead  Spar,  Diprismatic  Lead  Baryta, — ^Pb  O  +  C  C. 
pzismatic.  'H  3*5  G  6*4  —  6*6.  Case  49.  Frae,  conchoidal.  Transparent,  trans- 
lucent. Lus.  adamantine.  Col.  colourless,  white,  gray,  green,  blue.  Sir,  white. 
Brittle.    B.  fusible.    Decomposed  by  hydroohloric  aoid. 

Found  in  crystals,  masses,  and  pseudomorphous,  after  other  substances.  Bohemia, 
Garinthia,  Hungary,  Saicny,  the  Hartz,  Silesia,  Westphalia,  France,  the  Altai,  Siberia, 
DeTonshire,  Cornwall,  Cumberland,  Derbyshire,  Scotland.  Yaluabieas  anore  of  lead;  dis- 
tinguished from  sulphate  of  lead  by  its  crystals  being  usually  maded. 

Agneslte,— JB«5wiM^«fe,  Carbonate  of  Bismuth,  —  4  Bi  0^  +  3  CO*  +  450. 
Amorphous.  H  40  —  4-6  G  6*909  —  7670.  Case  49.  J^w.  cenchoidal.  Opaque. 
Translucent  on  the  edges.  Zm^.  yitreous,  dull.  Co/,  green,  yellow.  3Sifr..grfl^  or  white. 
B.  fusible.     Soluble  in  hydrochloric  acid. 

Foimd  investing  other  minerals,  and  in  pseudomorphous  crystals.  Schneeberg, 
Com-vrall. 

iMMKihtLuite,— Carbonate  of  Cerium.— Z  La  0  +  C  0^  +  3  ICO.  pyzamidal. 
H  2*5  —  3*0.  Case  49.  Lus,  peariy.  Col  white,  gray,  yellow.  Str,  -wHfce.  fioluble 
in  acids. 

Found  mih  cererite  afBiddarhytta,  in  Sweden.    An  extremely-rare 'minerfQ. 
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^^Mtummittf  CarUmU  of  (krium  Lamtktmmm  mtd  JMffmium,— 
S4'5  6  4*85.  <0«e49.  J^V-m.  small  condkoidal.  Oam.  vitreous. 
CoU  'brown,  7sIlof«r.  8tr,  yellowiik-iHiito.  S.  infinihk).  'fioluUe  .with  diffioulty  in 
fayvooUono  iMiiL 

Foond  in' the  emeraKL*  mines  df  Hfoxo,  in  37ew  Chtmads. 

MEmvaOkmiiM.'-'Braeh^typom  Lime  Ealoide^  Carbonate  of  Magneita  and  Iron,  ISf  g  0 
-)-'0  0>.  Aom^dhedMl.  H  4-0 —  4*5  G  3*0 -8*2.  Case  49.  JVov.  conehoidal. 
Transparent,  translucent.  £iw.  yitreous.  Co/,  cdlourless,  white,  yellow,  brown.  Sir, 
grayish-white.    Brittle.    B.  infUsiblo.    SdlUblo  in  acids. 

Tomid  '-in  ehloattte,  talo,  sometimeB  in -verpenfine,  nu^lyhi  gypsnm.    The  Tyrol,  St. 
00ttfaardt, 'Norway,  United  States,  Shetland.    9)istingm8hea  £rom  dolomite  by  ite  orystal- 
.  liHtion,  httflness,  and  speeific  grsTity. 

mUMkm^-'Mmitme  Bpar,  FktmnmiU^^lmaLh^^  H  8*5— 4*0    6  8-85 

—  3-42.     Case  49.     Transparent,   translucent.     Ltu.  vitreous.     Col.  gray,  yelloiw, 
green.    8tr,  white.    Brittle.    B.  infusible.    Soluble  in  hydrochloric  aoad. 
4F«and  with  qnartsiand  hamatkto,    Piedmont  and  Saltsburg. 

^91iMMfAite«*-^^<^  CarhomUc  iff  Copper^  Murite^  Lamir  MalaeMU^  MemiprinuUic 
jimreMalaehiU,'-^{2  GviO  +  0  0))  +  (Cu  0  +  HO).  .obU«M.  H  8*5  —  4*0 
G  3*766  —  3*681.  'X)aee  50.  Frae,  conehotdal.  Transparent,  tramlaoeat  on  the  edges. 
LuM,  vitreous.  OoL  azuro-bluo,  passix^  into  blaokish-bluo.  Str.  blue.  .Brittle. 
B.  fufliUe.    Solnble  in  nitric  acid. 

Found  in  veins  with  green  carbonate  and  Ted  oxide  of  copper.  Chessy,  the  Altai,  the 
Banat,  Serria,  Poland,  the  Tyrol,  Rohemia,  Spain,  Cornwall,  Cnmberlandi  Scotland, 
Siberia,  Thuringia,  Hessia,  Silesia,  ChllL  A  valuable  ore  of  copper  whenfonnd  in  sufficient 
qoantity. 

VUAmMttm.-^Gr4en  CarhonaH  of  Copper.-^iOKiO  +  *C  0<)  +  (Cu  0  +  H  0). 
dblique.    H  3*5  —  40    6  871  —  401.    Case 51.    Faw.  ooadioidal.    TranspsEient, 
or  translucent  on  the  edges.    Lut.  adamantine.     CoU  grcon.     Str,  green.      Brittle.  . 
B.  partly  inftnlble.    Soluble  in  nitric  acid. 

Found  in  copper  mines.  Chessy,  Spain,  Pmssia,  Thnringia,  'the  Tyrol,  the  Banat, 
Poland,  Siberia,  Ck>mwaU,  Wales,  Ireland,  Austsalia.  Malachite  has  been  divided  into  the 
fibrou9  and  meiftve.  The  orystalUaed  yariety  is  extremely  rare,  and  only  found  in  minute  trans- 
parent twins  coating. the  cavities  of  the  fibrous  kinds.  It  is  a  valuable  ore  of  copper,  but  is 
most  prized  by  the  lapidary  on  account  of  the  beauty  of  its  colour,  and  the  high  polish  of 
wliieh  it  is  susceptible.  The  valuable  vases  and  tables  of  malachite  manufiustured  at  St. 
Petersburgh  are  mostly  formed  of  thin  plates  of  this  substance  skilfully  veneered. 

lKnat:-^Urat6  of  Potash^  Saltpetre.  E  0  +  N  0\  piiRiuktie.  H  2-0 
O  .1*933.  Case  52.  Frae.  conchoidal.  Transparent,  translucent.  .  'Zu9,  vitreous. 
OoL  eolonrleM,  white, '  gray,  yellow.  Str,  <wldte.  Soluble  in  water. 
**  iSV»und  as-an  efloresoenoe  on  the  enrfisce of  the  earth,  fiungary,  Podolia,  Spain,  Italy, 
France,  Arabia,  iSast/lndios,  Calabria,  Virginia,  the  Braails.  It  is  also  procured  artificially 
itom  the  decoa)position  of  animal  and  vegetable  matter.  -Used  in  the  manufacture  of  gun- 
pow^r  and. of. nitric  acid. 

HttMtiM.-tMYra/e  of  Soda.-^Ctfa  0  -f  N]  0>).  xhomkohedial.  H  1*5  -  2*0 
G  2*096.  Case  52.  I^ae,  conohoidaL  Transparent,  translucent.  Zua  vitreous, 
G»;.  Golouxleie,  white,  :gray,  brown.   -^Ir.  white.    B.  fusible.    Soluble  in  water. 

Found  inwystsis  tn'beds  serevAl  feet  Hiick,  with  olay  aBd'SSBid,.mtiberdiBtriat.of  Otera- 
paca  in  Peru. 
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Mln'blUU^SulphaU  of  Soda,  Oiauber  ^So^^.-Na  O  +  SO«+10HO.  oUlfM. 
H  1*5  —  2*0  O  1*481.  Case  52.  Frac.  conchoidol.  Traniparent.  Xm.  fUnouk 
Ool.  colourless,  white.    Sir,  white.    Sectile.    B.  foaihle*    Soluble  in  wmter. 

Found  in  iialt  springs  as  an  efflorescence  on  the  soil,  tnd  dissoWed  in  flstneral  wsters. 
Anstria,  Haltzbutg,  liohemia,  the  Tyrol,  Hnngsry,  Spain,  the  Hirtz,  Switzeriead,  Sib«ris, 
Egypt.    Employed  in  some  countries  as  a  substitute  for  soda  in  the  mannfactore  of  g^sss. 

Ast3rak]uuiito^(Na  0  +  S  O^)  +  (Mg  0  -f  S  0*)  +  4  H  0.  Tnmspszeni 
Col.  colourless.    Efflorescent.    Soluble  in  water. 

Found  in  prismatic  crystals  in  the  salt  lakes  of  Astrahhao. 

GlKahmxiis.'-Anhydraut  Sulphate  of  Soda  and  Lime,  EemipritmaUc  Bryihme  Sper, 
jBronffniartin.—eSn  0  +  S  0')  +  (Ca  0  +  S  O^}.  o^liqiM.  H  2'5  ~  3-0  0  275 
—  2*85.  Case  52.  Frae,  conchoidal.  Semi-transparent,  translucent.  Xms.  Titnou. 
O^l.  colourless,  white,  gray,  red.  Sir,  white.  Brittle.  B.  fusible.  Partiillj  folable 
in  water. 

Found  in  rock  salt    Spain,  Bavaria,  Atacama,  Chili. 

TlMiuurdito^Na  0  +  S  03).  pilrauttie.  H  2*5  0  2-67  — 2'78.  GMe62. 
Frae,  conchoidal.  Transparent,  translucent.  iMe,  Titreona .  CM,  oolonrieHy  white. 
B.  fiisiblo.    Soluble  in  water. 

Found  in  crystals  in  the  brine  springs  at  Salinas  d'Espartinas,  near  Madrid. 

BUmniim^SulphaU  of  Poiash,  jircanite.^'K  0  +  S  0".  yrJwnatlc.  H  2-6  - 
3*0  O  2-689  —  2*709.  Frae.  conchoidal.  Transparent.  Lue.  Titreona.  CM.  colour- 
less, white,  yellow,  gray.    Sir.  white.    Brittle.    B.  fusible.     Soluble  In  water. 

Found  on  the  lava  of  Vesuvius  and  in  some  springs. 

Maaca  gnin;— Sulphate  of  Ammonia. — N  11^  0  +  S  0^.  piiniMtie.  H  2*0— 
2*5  O  1*68  —  1*78.  Frae.  imperfect  conchoidaL  Transparent,  tranalncent.  Lui, 
Titreous.  Col.  coburless,  white,  gray,  yellow.  Sir.  white.  Sectile.  B.  yolaiilisei. 
Soluble  in  water. 

Found  associated  with  sulphur,  with  volcanic  productions,  and  in  coal  mines.  Vesurisi, 
Etna,  Solfatara,  lipari,  Aveyron,  Staffordshire. 

BtLTfie, Sulphate  ofBarytee,  Hea/oy  Spar,  Hepatiie,  Pritmatie  Ral-Baryta.'—Jki  0 
-t-SO^  pilsmatie.— n  3*0  —  3-5  0  4*35  — 4*59.  Oases  52  and  53.  Fm^.  con- 
choidal. Transparent  or  translucent.  Lue.  Titreous.  CoL  colourless,  white,  gray, 
blue,  yellow,  red.  Sir.  white.  Brittle.  B.  fusible  with  difficulty.  Insoluble  in  hy- 
drochloric acid. 

f  Found  in  beds  and  veins  in  various  formations.  Westphalia,  the  Hartz,  Saxony,  Bolw- 
mia,  Hungary,  the  Tyrol,  Tiransylvania,  France,  Baden,  Hessia,  Cumberland,  Surrey,  Stafford- 
shire, Derbyshire.  Hepatite  or  fetid  haroeelenite  is  a  variety  oi  haryte^  containing  UtumeiL 
Norway,  The  Cawk  of  Staffordshire  and  Derbyshire  is  an  opaque,  masslTe  variety  of  bsiyte. 
The  white  varieties  are  ground  and  used  as  paint.  All  the  salts  of  barytea  but  one  m 
violent  poisons.    The  nitrate  of  barytes  is  used  for  producing  a  green  flame. 

CelMtlne.— ^fJpAafo  of  Sirontia,  Priemaiie  HalSaryia.—^t  O  -}-  S  0*.  yilf- 
mmtic.  H  3-0  —  3*5  O  3*85  —  40.  Oase  53.  Frae.  imperfect  conchoidaL  Tram- 
parent,  translucent.  Opaque.  Liu.  Titreous.  Col.  colourless,  white,  gray,  Une,  fleib- 
red.    Brittle.    B.  fusible.    Insoluble  in  hydrochloric  acid. 

Found  in  sulphur  mines,  limestones,  metallic  veins,  and  in  fbssils,  Sicily,  Fnaee,  Hub- 
gsry.  Lake  Erie,  Jena,  Bristol,  Switzerland,  Spain,  Edinbnigh.  Distlngaiahed  ftom  btzjta 
by  its  specific  gravity. 
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07psiim.-<Sft<i^A<ito  of  Limey  Selmiie.—CA  0  +  S  0^  +  2  H  0.  o^Uque. 
H  1*5 —  2-0  G  2*28  —  2-33.  Case  54.  JPrae.  flat,  conchoidal.  Transparent,  trans- 
lucent. Im9.  Titreous.  Col.  colourless,  red,  yellow,  blue,  gray.  8tr,  white.  Sectile. 
B.  fusible.    Very  slightly  soluble  in  water  and  acids. 

Fonnd  in  new  red  sandstone,  in  older  rooks,  day,  in  sulphur,  and  in  fossils.  Brunswick 
Hessia,  Thoringia,  the  Tyrol,  Switzerland,  Paris,  Oxford,  Sicily,  Spain,  Siberia,  Yorkshire, 
Cheshire,  Derbyshire,  Nottinghamshire,  Scotland,  the  United  States.  The  large  blocks  are 
wrought  into  alabaster  figures  and  ornaments.  Calcined  and  powdered  it  forms  pleuter  of 
Paris.    Distinguished  by  its  softness  from  limestone. 

Xantenite, — Anhydntef  Anhydrous  Sulphate  of  LimSy  Cube  Spar,  Muriadte.—Cti  0 
-)-  S  0^  pvtomatic.  H  3*0  —  3-5  G  285  —  3-05.  Case  54.  Frae,  imperfect 
conchoidal.  Transparent,  translucent.  Lus,  vitreous.  Col,  colourless,  white,  gray, 
yellow,  red,  blue.  Str,  grayish-white.  Brittle.  B.  fusible  with  difBlculty.  Slightly 
soluble  in  water  and  hydrochloric  acid. 

Found  in  beds  and  veins,  and  in  clay.  Styria,  the  Tyrol,  Switzerland,  Savoy,  Italy,  New 
York,  the  Hartz,  Sweden. 

lE'pmoiMkitm, "Sulphate  of  Magnesioy  Epsom  Sdlt^  Pritmatie  Bitter  Soli. — Mg  0  4- 
S  0^  +  7 H  0.  pvtomatic.  H  20  —  2*5  G  1*7  —  1*8.  Case  55.  Frae,  conchoi- 
dal. Transparent,  translucent.  Lus,  vitreous.  Col.  colourless,  white,  red.  Str.  white. 
Taste  bitter  and  saline.    B.  fusible.    Soluble  in  water. 

Found  as  an  efflorescence  and  in  mineral  springs.  Hungary,  Bohemia,  the  Tyrol,  Spain, 
South  Africa,  Milo,  Sedlitz,  Epsom,  Chili.  Is  used  for  pharmaceutical  purposes,  but  is 
generally  obtained  by  manufacturing  chemists  from  magnesian  limestone,  and  other  sources. 

Salotxichiie.— ii/wM>^0fi,  Feather  Alum,  Eair  Salt.—{Iil  0^  +  S  O^)  -f-  18  H  0- 
H  2.  Case  66.  Frae.  uneven.  Translucent  on  the  edges,  lus.  dull.  Col.  white, 
gray,  yellow.    B.  fusible.    Soluble  in  water. 

Found  in  alum  shale,  coal  mines,  and  volcanic  craters.  Thuringia,  Dresden,  Bonn, 
Columbia,  Bogota,  Quito,  Chili,  Milo,  Neapolitan  Solfatara. 

FolyhaUto.— (K  0  +  S  0»)  +  (Mg  0  -|-  S  0^)  -(-  2  (Ca  0  +  S  0»)  +  2  H  0. 
piismatio.  H  3*5  G  2*73  —  2*78.  Case  66.  Frac.  uneven.  Translucent.  Zus. 
waxy.    Col.  red.    Str.  white.    Brittle.    B.  fusible.    Partially  soluble  in  water. 

Found  in  Styria,  Austria,  and  Bavaria.  Derives  its  name  from  toAvs  many,  and  oAs 
salt,  on  account  of  the  variety  of  its  saline  constituents. 

Bo&Uxit^.-SulphateofZine,  White  Vitriol.— ZnO  +  S  03-1-7  H  0.  pvtomatic. 
H  2*0  —  2*5  G  1*9  —  2*1.  Case  56.  Frac.  conchoidal.  Transparent,  translucent. 
Ztis,  vitreous.  Col.  colourless,  white,  red,  blue.  Str.  white.  Brittle.  B.  infusible. 
Soluble  in  water. 

Found  in  old  mines.  Sweden,  the  Hartz,  Hungary,  France,  Spain,  Holywell,  Cornwall. 
Is  not  fbund  in  great  abundance  in  nature,  but  is  prepared  artificially.  Used  in  medicine 
and  in  dyeing.    A  permanent  white  colour.    Zinc  white  is  prepared  from  it. 

BM^tiU.-Su^haU  of  Cohalt,  Cobalt  Vitriol.  —  Co  0  4-  S  0^  +  7  H  0.  o^Uque. 
Case  55.  Frae.  uneven.  Translucent,  opaque.  Lus.  vitreous.  Col  red.  Str.  reddish- 
white.    Soluble  in  water. 

Found  in  old  mines.    Bieber,  Siegen,  and  Saltzburg. 

tH^UxdMAX^^Sulphate  oflroit,  Green  VitrioL^Fe  0  -{-  S  0*  -f  7  H  0.   o^UqiM. 
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H  2*0     Gl'8 — 1-9.     CaM  55.     Prao,  eonohoiild,    T«gigyawnl»  tnwiluiMBt .  Jau, 
vitroous.    OoL  green,  if^te.    8tr.  wliito.    Batlier  brittle.    Soluble  ia  water. 

*  Fannd  in  olA  minM.    Bavaria,  Sweden,  the  Harts,  Saxony,  HongacTW    Ueedl  in  djtiiig 

and  in  the  manfacture  of  Bulphoric  acid,  ink,, and  Proaaian  bine. 

Botxyogea.— iiief  Sulphott  of  Iron,  Med  VUrud.^Miiqfim  SL  2'0  —'2*5 
G  2*039.  Case  55.  J¥ae.  conehoidaL  Tramluoeiit  Im.  fitnovm,  (hknifjdkfw, 
Str.  yellow.    Sectile.    B;  infusible.    Soluble  partially  in  boiling  wvter.. 

Found  at  Fahlon  in  Sweden.  Derirea  ita  name  from  fiarpvi  a  bunch  of  grapm^  beeaoia 
it  frequently  ocean  in  the  furm  of  globulea  with  a  cryttalUne  torfuse. 

Copiapite'— A  hydrous  sulphate  of  iron.  Six-ridcd  prisms.  ^.Thmabioeiit;  Lu$, 
pearly.     Col,  yellow. 

Found  at  Coquimbo  in  Chili. 

Coqiiimbite.-*2  Fo  0^  +  3  S  0'  +  9  H  0.  itnilialnilwfcl,.  H  2-0  -2'& 
G  2'0  —  21.  Frae.  ccmehoidal,  unoTon.  Translucent.  6b/.  white,  blue,  green*.  Solnble 
in  water. 

Found  in  green  folapar.    Coquimbo. 

Blue  ynttUii.'^BtdpliaU  of  Copper,  Cj^oMOfe.— €u  0  +  8  0*  +  5  H  Oi 
H2'5  G2'19  —  2*30.  Case  55.  Frac,  oonchoidaL  SemL>tnnMpaffeBt» 
Liu.  vitrcoui.     Col.  blue.    8tr.  white.    Bather  brittle.    B.  fiisible.    Sofaible  in  wirto; 

Found  in  mines,  and  in  the  water  of  mines.  Sweden,  Hungary,  CoroiiaU,  ftngiiiri. 
Wicklow,  SeriHe,  Crpnis,  Siberia.  After  being  purified,  used  ha, the  — iiiifsiiiiiii,  ftr 
dyeing  and  electrotyping. 

BzoclUAttte.— PKmiafi^  Byitome,  MalaehiU,  Kritmi^iie^Ca  O  +  Sk  01^  + 
3  (Cu  0  +  H  O).  piinBSllo.  H  3-5  -.  4*0  G  3*87  -  3'9.  Case  SS.  Fme,  eoa^ 
choidal.  Transparent,  translucent  Lut.  Titreons.  CoL  gieen.  Abv  green.  Bu  »«f^pM* 
S(4uble  in  aeids. 

Found  in  Siberia,  Hungary,  Iceland,  France. 

Kettoomlte— reftvf  Copper  Ore, Xupfnrummtoru-^  S0>-|»6CnO-|>A10>  + 
12  HO.    Case  55.    Ci^illary  crystals.    Tranalnoent    Xuf.  peariy.     Ci»/.  flMltbias. 

Found  with  inalar;hit<e  at  Moldawa,  in  the  Banat,  coating  the  cavities  of  an  ozfd^  of  vnt. 
It  is  extreanriy  rare. 

Mnarit^.— Ciirpfwia  Sviphate  of  Lead,  D^sioffenie  Lead  Baryta. — (Pb  O  -f-  S  0^  + 
(Cu  0  +  H  O;.  oUiqme.  H  25  -  30  G  5  3  -  5-43.  Case  55.  Frae.  con- 
choidaL  Feebly  translucent.  La».  adamantine.  CoL  deep  Uoe.  Str.  pale  hfaie. 
Slightly  brittle. 

A  raze  Tninfral.    Found  at  LieadhiUs,  in  Scotland,  Spain,  and  Cumherlaad. 

JSohnasitek — Saiamipkate  of  Uramum,  Jlmmpriimatw  Emtkhra 
H  2-0  —  2-5    G  3-191.     Caae  55.    Frac.  impatut  caoAMaL 
Lm.  TilzeTua.    OL  green.    Sitr.  green.    Sectile.    Taste  slii^itlf  hittsb 
hy  di  ochifTB  acid. 

A  reiy  rare  mJnpial.     Found  si  Joachimsthal,  in  Bohemia 

hJOi^Lit/tgtSbt.'^S^pUUofLemd^PritmmtiehmiBm^ 

H3-0    G 6-26— 6-3.    Caw 45.    fmr. condioidaL  TuausuaienL twais- 
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lueent    Zut,  adnmntine.    C^  ocioiudeu,  yellow,  gray,  hrown,  blusf.  gcaen;.   Sir, 
wldte*    Brittle:    B.  fbtible.    Slightly  aolnbto  in  nitriQ  aoid» 

Produced  by  the  decomposition  of  galenm  Baden,  Siegen,  Silesia,  the  Haatz,  Spain,. 
Siberia,  Massachosetis,  Miaaouri,.  Anglesea,  Cornwall,  Scotland.  It  sometimea  contains 
silver. 

laaiBxkit^MSidipXaiO'Cirbonate  of  Leady  PHsmaioidal  Lead  Baryta.-^  (Fb  &*+ 
S*  03)  +  (Pb  0  +  C  02).  Thin  plates.  H  2*0  -  2-5  G  6-8  -  7*0.  Case  66. 
Transparent.  Lua,  adamantine.  Col  greenish  or  yellowish-'white.  Sir.  white. 
Sectile.     B.  fusible.    Partially  soluble  in  nitric  acid. 

Found  at  Leac&ills  in  Scotland,  and  in  Siberia. 

ShiBaimUe.— (Pb  0  +  S  O^)  +  3  (Pb  O  +  0  0>).  xhoaibokedmL.  BD2-5 
G  6*55.  Case  65.  Transparent,  translucent.  Zui.  resinous,  adamantine;  Gol. 
white,  green,  yellow,  black.  Str.  white.  B.  fusible.  Partially  soluble  in-  nitric 
aoid. 

Found  at  Leadhilla  in  Scotland,  and  Moldawa,  in  the  Banat. 

Caledoid.t:r—Citpreot4»  Sulphato-CarionaU  of  Lead,  Faraiomotu  L$ad  Baryta. — 
pxiBinatic.  H  2*5  —  3*0  G  6*4.  Case  55.  Frac.  uneYen.  Transparent,  tranaluoent; 
Xfltf«  reainouf.  CbL  blue.  Sir,  blue.  Bather  brittle.  B^fUaible.  Partially  soluble 
in  xntrio  acid. 

A  beautiftil  mineral.'^  Found  at  Leadhills.in  Scotland. 

la^BdOdXUtm.^SulphatO'Tn^ariomt^  of  Lsad,  Axotwnmur  Lead Barytoi — (Pb  0  + 
S  03)  +  3  (Pb  0  +  C  02).  pzlBmaUc.  H  25  G  6  26  -  6'48.  Case  66.  Mw, 
conchoidal.  Tranaparent,  ttanalucent.  Lue,  resinous.  Cok  white,  yellow,,  gray,  green, 
brown.    Str,  white;    Bather  brittle.-    B.  fusible.    Partially  soluble^in  nitric  acid. 

Found  atLeadhills  in  Scotland. 

Alum.— (X  0  +  S  0>)  +  (Al  0«  +  3  S* O^)  -f  24  H  0.  oiAio^  H  2-0  -  25 
G  1*9  —  2*0.  Case  55..  JVa^?.  conchoidal'.  Transparent,  translucent.  X'tf^.  vitreous. 
CeL  white.    Sir,  white.    Soluble  in  water. 

Found  as  an  efflorescence  on  aluminous  rocks  and  lava.  Lipari  Islands,  Sicily,  St. 
Michael,  Xhuringia,  Norway,  Yorkshire.  Used  as  a  medicine,  in  dyeing,  and  in  the  manu- 
facture of  leather,  paper,  &c. 

aodAAlnwu— (NaO'+S03)+(A103+aS03)+24HO.  oubic.  Br2-0 
—  2*5  G  1*88.  Case  55.  J^rac.  conchoidal.  Transparent..  Z««.  vitreous.  Co^.  white. 
Str.  white.     Soluble  in  water.. 

Found  in  the  Neapolitan  Solfatara,  Island  of  Milo,  and  Mendoza. 

Ainmenla  Alain.— (N  H^  +  H  0  ^-  S  0^)  +  (Al  0^  +  3  S  O")  +  24  H  0. 

cubic.    H  2  0  —  2-5   G  1*753.    Case  65,   Frao.  conchoidal.  Translucent.    X«*.  vitre- 
ous.    Col.  colourless,  grayish-white. 

Found  in  clay  and  in  a  bed  of  brown  coal.    Thuringia,  Bohemia. 

Alunitc — Mum  Stone,  Bhombohedral  Mum  Salotde.—^K  O  -f-  S'  0^)  -\- 
3  (Al  03  +  S  0»)  +  6  H  0.  rbombohedxal.  H  3'5  -  4-0  G  2-69  -  2-8.  Trans- 
parent, semi-transparent.  Lus.  vitreous.  Col  colourless,  white,  yellow,  red,  gray. 
Sir.  white.    Brittle.    Bi  iiifusible.    Ihsoluble  iii  hydrochloric  acid. 

Found  at  Tolfa,  Tuscany,  Hungary,  France.  The  Hungarian  varieties  are  so  hard  as  to 
be  used  foirmffl-stonesi 
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WehwUiEiim.^Statulphate  of  Alumina^  AlummiU.^Al  0^  -f-  8  O*  +  9H  0.  H  1*0 
G  1-6  —  1-7.  Case  66.  Frae.  earthy.  Opaque.  Lua.  dulL  Coi,  white.  8tr,  white. 
Sectile.     B.  infusible.    Soluble  in  hydrochloric  acid. 

Found  in  botryoidal  concretions  imbedded  in  clay,  at  Halle,  Paris,  Newhoren. 

GaxnMdcaAt€,—Pissophane,—A  hydrated  sulphate  of  alumina  and  iron.  Amor- 
phous. H  1-6  —  2  0  G  1  922  —  1-981.  Frac.  conchoidal.  Transparent,  translucent 
Lus.  vitreous.  Co/,  green,  brown.  Str.  grayish- white,  pale-yellow.  Brittle.  Soluble 
in  hydrochloric  acid. 

Found  in  the  alum  shale  works.    Gamsdorf  in  Thuringia,  and  Beichenbach  in  Saxony. 

▼oltmit6. — Cubic.    Frac.  uneven.      Lu».  resinous.      Ool,  hlack,   wnliTiing  to 
brown  and  green.    SCr.  grayish-green.     Partially  soluble  in  water. 
Found  in  the  Neapolitan  Solfatara. 

Bauyne. — Bodecahedral  Amphigene  Spar^  Nosean,  Lapit  Lazuli. — enUc.  H  5*5 
—  6*0  G  2*25  —  2-5.  Case  55.  Frac.  conchoidal.  Transparent,  opaque.  L%u.  vitreous. 
Col.  black,  brown,  gray,  blue.  Str.  light  blue.  B.  fusible.  Decompoeed  by  hydro- 
chloric acid,  leaving  a  jelly  of  silica. 

The  brown  and  gray  variety,  notean,  is  found  in  volcanic  rocks.  Laach,  in  Prussia.  The 
light  blue  and  green,  hauyne,  in  volcanic  rocks  and  lava.  Laach,  the  Bhine,  France,  Bome, 
Vesnrius.  The  deep  blue,  lapis  lazuli,  found  mixed  with  calcite,  mica,  and  pyrite.  The 
Baikal  Lake,  China,  Thibet,  Tartary,  South  America.  Valued  as  an  ornamental  stone ; 
formeriy  used  as  the  only  source  of  the  beautiftd  pigment  called  ultrarmarine,  which  is  now 
manufactured  artificiaUy. 

Araenit6.— Oxtit/e  of  Artenie,  Octahedral  Jrsenie  Aeidj  Artenioug  Aeid.^AB  0*. 
cuMc.  H  1*6  G  3*699.  Case  66.  F^ae.  conchoidaL  Transparent,  opaque.  Lm. 
vitreous.     Col.  white.     Str.  white.     B.  volatilizes.     Slightly  soluble  in  water. 

Probably  produced  by  the  decomposition  of  ores  containing  arsenic.  Bohemia,  Tran- 
sylvania, Hanau,  Alsace,  the  Hartz,  the  Pyrenees.  Distinguished  from  phaimacolite,  to 
which  it  is  similar,  by  being  slightly  solable  in  water.  ArtificiaUy  formed  crystals  of 
arsenic  not  only  belong  to  the  cubical  system  but  also  to  the  prismatic,  being  then  isomer- 
phous  with  valentinite.    A  very  poisonous  substance. 

Phannacdlite. — Arteniate  of  lAme,  ffenUpritmatie  Fuclau  Hahide. — 2  Ca  0  -|- 
AsO*-t-6HO.  oblique.  H  2-0— 2*6  G  2-64  — 273.  Caae  66.  TnuBsparent, 
translucent.  Lu8.  vitreous.  Col.  white,  yellow.  Str.  white.  Sectile,  tjiiii  plates 
flexible.     B.  volatilizes.    Soluble  in  nitric  acid. 

Found  in  Bohemia,  Baden,  the  Hartz,  Hessia,  Thuringia,  Alsace. 

^Jkhi^tt^— Anhydrous  Arseniatc  of  Limey  Berzelite. — 3  B  O  -{-  As  0%  where  B  is 
Ca,  Mg,  and  Mn.  H  60  —  6*0  G  2*62.  Case  66.  Frac.  uneven.  Lw.  waxy. 
Ool.  white,  yellow.    Brittle.     B.  infusible.    Soluble  in  nitric  acid. 

Found  in  deavable  masses  at  Langbanshytta  in  Sweden. 

"Baidingezite. — DiprismatU  Euehue  EalMc. — 2  CaO-fA8Os4.4H0. 
pzismatic.  H  2*0  —  2  6  G  2*848.  Transparent,  semi-transparent  Iau.  vitieouB. 
Col.  white.    Str.  white.    Sectile.    B.  fusible.    Soluble  in  nitric  acid. 

A  very  rare  mineral,  si^poaed  to  have  been  found  at  Joachimsthal  in  Bohemia,  formerlj 
considered  a  variety  of  pharmacolite. 

&oaelit6. — ^An  arseniate  of  lime,  wagnema,  and  cobalt    piiaAatlo.    H  3*0. 
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lirac,  conchoidaL    Transluoent.    Xnt.  yitreous.    Ool  red.    8(r,  white.    SolubU  in 
hjdrochlorio  acid. 

An  extremely  rare  mineral,  found  at  Schneeberg. 

Phamutoosldeiite.— ^r«wia^e  of  Irony  Eexahedral  Lxroeone  MaUtehii^.'-^  Fe' 
Qs  +  2  As  0«  +  12  H  0.  oubio.  H  2-6  G  29  —  80.  Case  56.  Frac.  uneven. 
Semi-transparent,  translucent  on  the  edges.  Lut,  vitreous.  Col,  green,  yellow,  brown. 
8tr,  light  yellow.    Pyroelectric.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  veins  of  copper  ores.    Cornwall,  France,  Nassau,  Saxony,  United  States. 

Bympleiite. — An  arseniate  of  iron,  oblique.  H  2*5  G  2*957.  Frae.  even. 
Transparent,  translucent.  Lut,  vitreous.  Col.  blue,  green.  8tr,  bluish-white. 
B.  infusible. 

Foond  at  Klein  Friesa,  near  Lobenstein. 

Llsoeonite, — Octahedral  Arseniate  of  Copper^  Lentietdar  Areoniate  of  Copper^ 
ChalkophaciC^'priamtdio.  H  2*0  —  2*5  G  2*83  —  2*99.  Case  56.  Frae.  imper- 
fect conchoidal.  Transparent,  translucent.  Lut,  vitreous.  Col.  blue,  green.  8tr.  the 
same.    B.  fusible.    Soluble  in  acids. 

Found  in  Cornwall,  Hungary,  and  Voigtland ;  very  rare  on  the  continent. 

Oliwenite. — Might  Priamatie  Arseniate  of  Copper,  Prismaiie  Olive  Malachite.—' 
(3  Cu  0  +  As  0»)  -1-  (Cu  0  +  H  0).  pilsmatio.  H  30  G  41  -  438.  Case  56. 
lirae.  conchoidal.  Semi-transparent,  opaque.  Zus.  vitreous.  Ool.  green,  brown. 
8tr.  olive-green.     B.  fusible.    Soluble  in  nitric  acid. 

Found  in  Cornwall,  Cumberland,  the  Tyrol,  the  Banat,  Siberia,  the  Asiurias,  Chili. 

Suchxoite.— jPrwmafu)  Emerald  Malaehite,—4  Cu  0  -f-  As  0>  -f-  7  H  0.  pils- 
nuktic.  H  3-5  —  40  G  335  —  3*45.  Case  56.  Frae.  uneven.  Transparent, 
translucent.    Lus.  vitreous.     Col.  pale  green.    Brittle.    Soluble  in  nitric  add. 

A  very  rare  mineral,  found  in  mica  slate  at  Libethen  in  Hungary ;  named  from  wxpoia 
beautiful  colour. 

Seorodite. — Martial  Arseniate  of  Copper,  Dystomie  Fluor  Sahide, — Fe*  0*  -(- 
A8  0»-1-4H0.  prUmatio.  H  3-5  — 4-0  G  318  —  3-30.  Case  56.  Frae.  un- 
even. Semi-transparent,  translucent  on  the  edges.  Lus.  vitreous.  Col.  green,  blue, 
brown.    8tr.  white.     Rather  brittle.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  Saxony,  Bohemia,  Carinthia,  France,  Cornwall,  Brazils,  Columbia,  Siberia. 

i:rinit©,--2>y»<oww  Rabroneme  Malachite.  ^5  Cu  0  -I-  As  0»  -(-  2  H  0.  H  4'5  — 
5*0  G  4*043.  Frae.  imperfect  conchoidal.  Translucent  on  the  edges.  Lus.  dull. 
Col.  green.    Sir.  green.    B.  fusible.     Soluble  in  nitric  acid. 

Found  in  the  county  of  Limerick  associated  with  arseniate  of  copper,  named  eriniie  on 
account  of  its  characteristic  emerald-green  colour  and  its  locality. 

ComwaUite,--5  Cu  0  -)-  As  0«  -f-  5  H  0.  Amoiphous.  H  4*5  G  4-166. 
I^ac.  conchoidal.    Col.  green.    B.  fusible. 

Found  with  olivenite  in  Cornwall. 

XlinoclaJie. — Oblique  Frismatic  Arseniate  of  Copper,  Strahlerz,  Aphanese,  Abiehite. 
(3  Cu  0  +  As  0»)  -h  3  (Cu  0  -t-  H  0).  obUque.  H  2-5  -  30  G  4*19  -  4*36. 
J^ac.  uneven.  Tratslucent,  opaque.  Lus.  vitreous.  Ool.  green,  dark  blue.  Str. 
verdigris-greon.    Bather  brittle.    B.  fusible.    Soluble  in  acids. 

Found  with  liroconite.    Cornwall,  Erzgebirge.    The  crystals  are  extremely  minute. 
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^flu^gslte,— JtAomdotti^  AnmiaU  of  Copper,  TtianutHe  Copptr  Mica,  CkMcph^UiL 
— vhombohedzal.  II  2*0  O  2*435  —  2*659.  Frae,  oonchoidal.  TxtrntpaMiit, 
tranaluceiit    Lua.  pearly  or  yitroous.    CoL  green.    Sir,  gVMB.    Se0Cile.    B.  flu&ble. 

.   Sound  in  Ttint  of  oopper  otet  in  the  minee  of  CorawalL 

Tffnu.^Kupferwhaum,  PrkmaUo Euehhro Miett.^B CHiO  +  A«0^-<f(0«0 
4-C0^)  +  iaH0.  yvlaniAtie.  H  1*0  -  2*0  O  8*02  ~  8*008.  Cn»6  Bt,  rnjo- 
lucent.  Xm.  pearly  or  Titreoui.  M.  green,  bhie.  Sir.  the  same.  Yeiy  eMtilc. 
In  tbin  leaTes  flexible.    B.  fusible.    Soluble  in  hot  nitric  add. 

Found  ivlth  ores  of  oopper  ia  fibrous  grov^e  of  a  delicate  silky  Instve.     The  Tyiol, 

Hungary,  the  Banat,  Thoringia. 

Xoxilc]ialcite.~2  (R  0  +  As  0>)  +  3  H  0,  where  E  is  Gu  and  On.  H  4*0 -4*5 
G  4*123.  .Frac,  splintery.  Translucent  on  the  edges.  Zut.  yitreous.  Col.  green. 
Sir.  green.    Brittle. 

In  reniform  masses  smpposed  to  have  been  found  at  Hinojosa  in  Andslusia. 
Esythzine.— i^M^  Cobalt,  Cobalt  Bloom,  Arnniate  of  CohaUy  Ptitmaiii  CoMt  Mica,'^ 
3  Co  0  +  As  0»  4-  8  n  0.     obUqm.     H  1*5  —  20     G  2*9  —  31.      Case  56. 
I  Transparent,  translucent    Col.  red,  gray,  green.    Str.  red.     Sectile.    In  thin  plates 
I  flexible.    B.  fusible.    Soluble  in  hydrochloric  acid. 

!        A  beautifal  mineral,  found  in  beds  and  veins  with  ores  of  cobalt.     Saxony,  Bohemia^ 
i  Thuringia,  Hessia,  Baden,  Danphin6,  the  F^^reinees,  Norway.    When  found  in  sufficient 
I  quantity,  it  is  used  in  the  manufacture  of  smalt.    Distinguished  from  red  antimony  and  red 
copper  OM  by  yielding  a  blue  glass  with  borax  befbre  the  bkywpipe. 

M«tti|EiU.^-ZnO  +  AsO  +  8nO.  •Uiqm«.  H  2*5  — 8*0  G  81.  Tnms- 
'  luoent,    Lua^  silky.    Co/,  red.    Sir,  reddish-white.    Soluble  in  aoids. 

Found  with  smaltine  in  the  Daniel  mine,  Sdmeeberg. 

MLamCbw^U.--jlr»emate  of  Nieka,  Niektt  Bloom^—Z  Ni  0  +  As  0"  +  8  fl  0. 
i  oblique.  II  2*5  —  3*0  G  3078  —  3*131.  Case  56.  Col  green.  Str.  greonish- 
"^diite.    B.  fusible.    Soluble  in  nitric  acid. 

Fotindin  the  Hartz,  Hessia,  Thuringia,  Saxony,* Bohemia,  Dauphin^,  Texas. 

VirUadimm— Phosphate  of  Iron,  Blue  Iron,  Dichromatic  JEuekte  Sahide^  AnglariU, 
Mullicite,  Primatio  Iron  Miea.^Z  Fo  0  +  P  O''  +  8  H  0.  obUqmo.  H  1*5  - 
20  G  2-6  —  2*7.  Case  57.  Transparent,  translucent.  Lus.  pearly,  vitreous.  CW. 
green,  blue.  Sir.  white,  becoming  blue  on  exposure  to  air,  powdor  of  the  mineral 
birown.    Sectile.    Thin  plates  flexiblo.    B.  fusible.    Soluble  in  hydrochloric  acid. 

Found  in  mineral  veins  and  lava,  the  earthy  varieties  in  peat-bogs.  Trausylvania,  Corn- 
wall, Bavaria,  New  Jersey,  Isle  of  France,  Crimea,  Shetland  Islands,  Isle  of  Man.  Some- 
times used  as  a  pigment 

thBLitenHM.^Phosphate  of  Iron,  Cfriineisen  Stein,  Oreen  Iron  EaHh,  AttutnidiU.^ 
prismatic.  H  4  0  G  3*50  —  3*55.  Case  57.  Timnsparent,  opaque.  Lua,  ritreotil. 
Col  green.    Str.  light  green.    Brittle.    B.  fusible.    Soluble  in  hy^chloric  add. 

l^>ttnd  at  Siegen,  Hirschberg  in  Beuss,  and  Limoges  in  France. 

]MadoohiU.~Fe  0^  +  2  P  0»  +  4  (Fo  0'  +  S  0^)  +  32  H  0.  Amorphous, 
H  30  G  2*035  —  2-037.  Case  57*  Frao,  oonchoidal.  Translucent,  opaque.  Lua. 
vitreous.     Col  yellow,  brown.    Str.  white.    B.  fusiUo  on  the  edges. 

Found  in  alum  shale  works  near  Griifenthal  and  Saalfeld  in  Thuringia, 
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l^HMlite.^JlMM  ^/MMRf,  Jfy>ff  ApaiU^^ti  Fl  +  (R  0  «)*•  P  0<>,  ^if»  BCs  Fe 

the  edges.  Lvif,  tednacniM.  €ht  (Skftt^hr^mn*  JE^,  gnjkh-irlidie,   B.idsibte.   MftVfe 
in  hot  liydroolktoHo  ftdd. 

Found  in  crystalline  masses  at  Zwisel  in  Bavaria. 

TtiplitB.—Fhoaphate  of  Mangaimej  Pitchy  Iron  Ore.-^{i  Pe  0  +  P  0*)  +  (4  Mn 
tl+PO»).  l^rUmatto.  H5-0  — 5-6  G  3-d  -  3-8.  Case  67.  i^o*.  imporMeV«on- 
choidal.  Translucent  on  the  edges,  opaque.  Lus.  resinous.*  Col,  brOinaflh-blidlE. 
Bit:  ycUowiiA-gray.    Brittle.    B.  fusible.    SoluUe  in  bydnxMortc  lUrid. 

Found  in  crystalline  masses  in  granite.    France,  United  States. 

Tiipkyttn*^ J#^«M^y«i»#,  P«wi;«A«i#.-(Li  0  +  P  0«)  +  6  (3  Fe  0  +  1^  0»). 
obU««e.  H6'0  G3'6.  Case  57.  Frtr^r.  imperfect  conchoidal.  Translucent  on  t&e 
edges.  Im»,  resinous  Col.  greenish-gray,  spotted  with  blue.  8tr,  grayish- wHit^i 
B.  fusible.    Soluble  in  hydrochloric  acid. 

Fofiad  m  yraoite  Aeeoopanied  by  beryL    Rabenstein  in  Bavaria. 

l>©lTaiutine.— Dtf/vaMjciVtf.— 2  Fe-  0^  +  P  0*  +  24  H  0.  Amotphmw.  H  ^5 
O  1*85.  Case  57.  Fn«#.  oonohoidal.  Opaque^  translaocfnt  on  tlie  edget^  Ltu»  Wiixy. 
Col.  blacky  broipTB,  yiin<yfr.  ^8'^.  li^t  bro^rn.  B.  fhsible.  SoklblB  m  hydlochkitfit 
acid« 

Found  near  Vi86  in  Belgitttti. 

Betexosite.-6  R  0  -f  [P  0^  -f  2  £t  0,  where  R  is  Fe  and  Mn.  ollh^ue. 
S  4<5  _  5*5  Q  3'524.  Case  57.  Fra^;.  uneven.  Translucent  on  the  edges,  opaque. 
Lm.  resinous,  dull.  Chi  gray,  blue,  yiolet.  3tr.  red.  B.  fasible.  Solttble  is  hydro- 
chlorle  acid. 

Found  in  granite.    Hureault,  near  Limoges  in  France. 

BiureauUte.--^Mr«N/^^.— 5  RO  +  PO-fSHO,  where  R  leMaer  Fe. 
o1^U««i«.  H  5*0  G  2*270.  Frac.  conchoidal.  Transparent.  L'ts,  yitreous.  Col, 
yellow,  red,  brown.    B.  fusible.    Soluble  in  hydrochloric  acid. 

'  Found  In  gfanit«.    Htdreault,  near  Limoges  in  Fraaioe. 

tAhMLvaitt^—ThoiphaU  of  Copper^  JPHamattc  OKvenitef  Dipfi^mai'c  Olire  Mtd^ 
ekiU.-'{3  Cu  0  +  P  0*)  +  (Cu  0  -f  H  0)  prismatic.  H  40  G  3-0  •wj.g.: 
Oase  57.  I^rae,  conchoidal.  Traneluoent  on  the  edges.  Lm*  reeifiolis.  M,  oUye- 
green.    Sir.  olive-green.  .  Brittle.    B.  fusible.    Soluble  in  nitric  acid. 

Fonnd  in  mida  slate  and  with  mal&ohitec.  Htingar}^  the  Rbhi«,  CorangttU^  tHe  TJral, 
Chili 

iKrjrploUte.— jBLrypto?ftA.--A  phosphate  of  oxide  of  cerium.  G  4*6.  Tranwpafwttt. 
Col.  pale  yellow.    Decomposed  by  warm  hydrochloric  acid. 

Found  in  parallel  acicular  eiystals,  Imbedded  in  tna6sive  apatite,  fhWl  -^icsh  fi  is  «epa- 
ratad  by  disedlving  the  apsitite  in  dilate  nitric  aeid.    Arendal  in  Noriraj.  r 

*teoKl»ollt*.-9  Cu  O  +  2  P  G»  4- 6  H  0.  H  8*0 —  4*0  0  3-381  *I- S-401, 
f^ae.  conchoidal.  Opaque,  tnoislacent  on  the  edges.  Zus.  yitrcoua,  O^I*  g#eeUy 
/K^r.  green.    Brittle.    B.ftisiWe. 

Found  manfve  Mth  imdaebite  In  litttestone.    ik^th  inya  in  Httngftry* ' 
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Idaanifm»'-Spdroui  Fhosphate  of  Copptr,  HtmiprimnoHe  DyatmiM  Maltiehiis,  Phot' 
phoohdbUo,  ptoudo  maUufhiU^Z  Cu  0  +  P  0*)  +  3  (Oa  0  +  H  O).  oUiqv*. 
H  4*5  —  5*0  G  4*0  —  4*4.  Frac,  oonohoidaL  Semi-transparenti  tnuulnoent  on  the 
edgoi.  Lut,  Titreoof.  Col,  green.  Sir,  green.  Brittle.  B.  fusible.  Soluble  in 
nitric  aoid. 

Fonnd  in  grauwioke-fUte.    Bararifti  the  Rhine,  Renie,  the  Und. 

ZhUU.-5CuO  +  PO«  +  dHO.  H 1-5  — 20  G  8-8.  Lm.T^eKtlj.  CoL 
green.    Str,  pale  green. 

Found  in  reniform  and  botryoidal  matsef.  The  Rhine,  the  UraL  The  Kupferdiatportt  a 
iibrona  mineral  from  Libethen,  is  suppoied  to  be  «hlU«. 

Autimite. — Yellow  UraniUf  UratMntea,  Phosphate  of  Vraniumf  Pyramided  JSuehkre 
MiUaehUe.''(CtL  0  +  P  0«)  +  (2  U'  0^  +P  0«)  +  8  H  0.  pynmULMl.  H  10 
—  2*0  G  3*0  —  3-2.  Case  57.  Transparent,  translnoent.  Lut,  pearly,  vitreoiis. 
Col  yellow,  green.    8(r  yelloir.    Sectile.    B.  Aisible.    Soluble  in  nitric  acid. 

A  beaatiiiil  mineral,  found  in  granite  near  Antun,  and  near  Limoges  in  France.  Dit* 
tingnished  from  green  mica  by  being  soluble  in  nitrio  acid,  and  by  the  brittleness  and  in- 
elasticity of  its  thin  laminae. 

Tw^mgiiA^— Copper  XTranite,  Chalcolite^  Pyramidal  JBueMore  Malachite,  Oreen  Ura' 
MJte.— (Cu  0  +  P  0«)  +  (2  U^  03  +  P  0«)  +  8  H  0.  pynmlAal.  H  20  —  2*5 
G  3*5  —  3 '6.  Case  57.  Transparent,  translucent.  Ltts,  pearly  and  vitreous.  Col, 
green.    Str,  green.    Rather  brittle.    Soluble  in  nitric  acid. 

Found  in  slate  and  granite.  Saxony,  Bohemia,  Bavaria,  Cornwall,  United  States,  Bel* 
ginm. 

X«iiotime — Photphate  of  Yttria,  Photphyttriie.^Z  Y  0  +  P  0«.  yyxtmidal. 
H  4'5  —  5'0  G  4*39  —  4*557.  Case  57.  Frac.  splintery.  Translucent,  translucent 
on  the  edges.  Lt4t.  resinous.  Col,  brown.  8(r,  light  brown.  Brittle.  B.  infusible. 
Insoluble  in  acids. 

A  rery  scarce  mineral,  found  in  granite.    Norway  and  Sweden. 

WaTellit«. — ZationilCf  Devonite^  Photphate  of  Alumina,  Prietnatic  WavelHttt 
ffoMdc—Z  Al  OS  +  2  P  0«  -h  12  H  0.  piiamaUo.  H  3*5  -  4*0  G  2*8  -  2*4. 
Case  57.  Frae.  imperfect  conchoidaL  Transparent,  translucent  Lue,  vitreous.  Cd. 
colourless,  gray,  green,  yeUow,  brown.  8tr,  white.  Brittle.  B.  infusible.  Soluble 
in  acids. 

Found  in  slate  and  granite.  Defonshire,  Cornwall,  Ireland,  Scotland,  Bohemia,  Saxony, 
Greenland,  the  Brazils,  Pennsylvania. 

mihhaiU^EydrarffyUite,  Feltebanyit4."'Al  0^  +  P  0*  +  8  H  0,  mixed  with 
Al  0^  +  3  H  0.     Botryoidal  masses.     H  30    G  2*20  —  2*44.    Case  19.     Feebly 
translucent.    Lut,  dull.    Col.  greenish,  grayish,  yellowish-white.     Brittle.    B.  in- 
fusible.   Insoluble  in  hot  hydrochloric  acid, 
g  In  a  mine  of  brown  hematite.    Richmond,  Massachusetts. 

KltL'piotbinm.'-'Lamaite,  Voratdite.  Aeurite,  Slue  Spar.'^2  (R  0  +  P  0*)  +  (Al  0* 
•rf  8  P  0*)  +  0  H  0,  where  R  is  Mg,  Fe,  and  Ca.  obli«m.  H  5*0  — 5*5  G3'0- 
8*121  Case  57.  Frac,  uneven.  Transparent,  opaque.  Zue,  vitreous.  Col,  blue. 
Sir,  white.    Very  brittle.    B.  infusible.    Not  soluble  in  acids. 

Found  in  crystsls  snd  massive.    Saltsbnrg,  Styria,  Lower  Austria,  the  Brasihi. 
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Bevdeiite. — PrimuUie  Fluor  Haloide. — ^An  anhydrous  phosphate  of  lime  and  alu- 
mina and  hydrofluoric  acid,  prismatio.  H  5*0  G  2*985  —  2*99.  J'rae,  con- 
choidal.  Transparent.  Lua.  yitreous.  CoL  yellow,  white.  Str.  white.  Very  brittle. 
B.  fusible  with  difficulty.    Soluble  in  hot  hydrochloric  acid. 

Found  very  rarely  in  the  tin  mines  of  Ehrenfriedersdorf  'in  Saxony.  Its  exystsls 
resemble  those  of  that  Tariety  of  apatite  which  is  called  asparagus  stone. 

Amblygonite,-— Pmrna^iif  AwiUygoniU  Spar, — ^A  phosphate  of  alumina,  pits- 
inatic.  H  6*0  0  3*045  —  3*11.  Case  57.  i^ra«.  uneyen.  Semi-transparent,  trans- 
lucent. Ltta.  yitreous.  Col.  white,  gray,  green.  8tr,  white.  B.  fusible.  Soluble  in 
sulphuric  acid. 

Found  with  tourmaline  and  topaz  in  granite.    Saxony,  Norway. 

Tturquolae. — Galaite,  Uneleavabh  Azure  Spar. — A  hydrophosphate  of  alumina. 
ftatoxphoiui.  H  6*0  G  2*62  —  3*0.  Case  57.  Frae.  conchoidal.  Translucent  on 
the  edges,  opaque.  Lut,  waxy.  Col.  blue,  green.  Sir.  greenish-white.  Not  yeiy 
brittle.    B.  infusible.    Soluble  in  hydrochloric  acid. 

Foimd  in  reniform  and  botryoidal  masses.  Persia,  Thibet,  Silesia,  Lusatia,  Saxony. 
Sold  in  the  large  towns  of  Persia  in  small  masses,  but  in  great  quantities.  Cut  and  polished, 
it  is  used  for  ornamental  purposes ;  when  its  colour  is  good,  it  is  greatly  valued  as  a  gem. 
The  occidental  turquoise,  from  Lower  Languedoc,  is  a  rery  different  substance,  being  bone 
coloured  with  phosphate  of  iron. 

FIsclieiite.-— 2  Al  0*  +  P  0»  -{-  8  H  0.    H  50    G  2*46.    Transparent.    Lut. 
yitreous.    Col,  green.    Soluble  in  sulphuric  acid. 
Found  in  small  six>sided  prisms.    The  Ural. 

Kakokftne. — A  hydrophosphate  of  alumina  and  iron.  G  2336  —  3*38.  Case  57. 
Translucent,  opaque.  Lus.  pearly.  Col.  yellow.  Sir.  yellow.  B.  fusible.  Soluble 
in  acids. 

Foimd  in  Bohemia,  Bararia,  and  the  United  States.  Derives  its  name  from  kokos  had 
and  |cvo$  a  guett,  on  account  of  the  injurious  effect  of  the  phosphorus  which  it  contains  on 
the  quality  of  the  iron  extracted  from  it  as  an  ore. 

Childrenlte. — A  phosphate  of  alumina  andiron,  pilsmatic,  H  4*5  — "^60. 
Case  57.  Frae.  uneyen.  Transparent  Zut.  vitreous.  Col.  white,  yellow,  brown. 
Sir.  white. 

Found  on  slate  and  quartz.     Crinnis  in  Cornwall  and  Devonshire. 

WtLSn^jAim.^Kemiprismaiie  Fluor  E:ahide.^Mg  F  +  3  Mg  0  -{-  P  0*.  obliqvM. 
H  5*0  —  5*5  G  2*98  —  3*13.  Case  57.  Frae.  conchoidal.  Transparent,  translucent. 
Zms.  yitreous.  Col.  yellow,  gray.  Sir.  white.  Brittle.  B.  fusible  with  difficulty. 
Soluble  in  hot  nitric  acid. 

An  extremely  rare  mineral,  found  in  crystals  with  quartz  in  the  crevices  of  a  clay  slate 
rock  in  the  valley  of  Hollengraben  in  Saltzburg. 

BKonaxite. — Mengitey  Edwardaitey  Eremite. — ^A  phosphate  of  the  oxides  of  cerium 
and  lanthanium.  oblique.  H  b'5  G  4*8  —  5*0.  Case  57.  Frae.  uneyen.  Semi- 
transparent,  translucent  on  the  edges.  Lue.  resinous.  Col.  brown,  red.  Str.  reddish- 
yellow.    B.  fusible  with  difficulty  on  the  edges.    Decomposed  by  hydrochloric  acid. 

Found  in  a  mixture  of  felspar,  albite,  and  mica.    Siberia  and  the  United  States. 

Pyvomoiphite. — Phosphate  of  Lead,  Folytphcertte^  Mieeitey  Rhombohedrat  Lead 
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«m7'1.  CosoITa.  Frae.  imptrfeot  conoboidai.  Semi-fenmq^iMWlit.  ZiM.  i:esijw>iUL 
•€UL  gro^  brovBt  yelktm,  gray.    Biittla.    B.  fiMiU^.    Sol^^le  m  ^iloe  mM-  . 

Found  with  galena.  Bohemia,  Saxony,  Baden,  the  Haits,  Frmee,  Hiuigaxy,  Cornwall, 
dted^laad,  UuvIimi,  ¥orkaUuw,  Derl^dbisp,  ficoUMxt 

Viiak%titm.—Arseniat6  o/Leadf  Sraehytppous  Lead  BarytOj  Artmitey  JSredyphane.-^ 
AOl  4-  8  (S  l>b  0  +  As  0*).  irlMVLlMMANa.  H  S'6  ^  4*0  G<  7*18 ^  7'2S. 
CfiMe  67  A.  i^rtff.  inapcrfeot  oonchoidal.  Tranalucmit.  /jk*.  sesinoiu.  CoA  graan^ 
jtTLow,    Bin  wki^e.    Brittto.    B.  fusible.    Soluble  in  iiitnc  acid. 

Found  with  galena.     Saxony,  Baden,  Cornwall,  Devonshire,  Cumberland,  Fvsnee. 

Apatite  — Phosphate  of  Lime,  TalJcapatite,  FrafieoUte,  Jtteroxite,  Asparagus  Stone^ 
•mosphorite,  nhomhoh^Aral  Fluor  Haloiie.^JOtL  Fl  -f-  8  (8  Oa  0  4-  P  O^ 
lldUfftl.  H  ^-0  O  3-18  —  3*21  Case  67  b.  Ffae,  oonehoidaL  TranspaMitk^i 
Xaittnt  Lm,  i4trco«8.  W.  colourioM,  white,  gray,  Une,  green,  ydlow^  red,  biown. 
8tr.  white.    Brittle.    B.  fusible  with  diftoulty.    golable  in  hydrodaloijo  acid. 

;-  t^iLnd  in  granite,  gneiss,  slnte,  marble,  badaK,  and  in  metallie  Teinsh.  SjMiitf,  IAm  '^^T^^ 
Holiemia,  Saxony,.  Cornwall,  Devonshire,  Cmnbeifand,  Nofway,  United  States,  Bavaria, 
^aiide,  the  tfral.  Named  apatite  by  Werner,  fh>m  'airareui»  io  deeewty  tm  aocoont  et  the 
deception  it  so  long  caused  to  the  older  minendogists. 

^h986exilte.-.-iI/vn*o  Carbonate  of  Lefnd^  Horn  Lead,  Chmeoita  Lead. — Pb  01  + 
i^b  D  4-  d  0'.  pyramidal.  H  30  G  6-0  -  6-2."  Case  57  b.  Frde,''  condhofdal. 
Transparent-translucent.  Zmv.  adaiAantlno.  Col.  colourtess,  wHfte,  gray,  yellow, 
green,  brown.    Sir.  white.    Brittle.    B.  fhsible.     SoltiMe  in  niteio  adW. 

- '  ^  A  very  rare  mineral.  Found  in  crystals  and  globalar  maaees.  Itfatio^rtH^OMtfliyeliire, 
tklvbwall,  MatNMchusetu. 

Sodalite. — Dodecahedral  Amphigene  Spar^  Bodecahedral  Zeolite, — Na  CI  +  8  fJfaO 
+  81  0«)  +  8  (Al  0=»  H-  Si  0«).  evbic'  H  60  G  2'287  —  2»«9l  Case  57  b. 
Frae.  bohcholdal.  Semt-transparent,  translucont.  JUm.  Titreou^.  Cot.  coloixrlesa,  "^sA^^ 
yellow,  green,  gray,  blue.  Str.  white.  B.  fusible.  Decomposed  by  bydrocMoric 
86M,  loayin^'i  joU^'dftiiH^  "^'.-i. »*.:!.•' 

■''^Fodnd  in  lava,  mtca  slate,  and  syenite.  Sicily,  Ct»eenlaJid,  Siberia,  Wftrway,  Urfied 
States. 

Hvi^islyl^.^llhomhohedral.Atinandtne  Spar.— 2  fR  0  -f  Si  d«)  +{Zr  O  +  SiO^) 
nkq^Sis  Ha;  (7a,  ^  ani  Ma.  ilMMlMbMbaL  H  5i)^  6*^.,«A«84.-«r4-95. 
0«e<47B.  iVnrif.^oaehoidaL  ToaDslueent  on  the  edges;  Opaqae.  Ltui  ▼itieous. 
C^red.  Stn  white.  Slightly  btittle.  B.  fiiiible.  Partly  d^on^sed  by  hrydie^ 
chloric  acid. 
;,  Ifouad  at J^angerdjuarsuk,  in  West  Greenland. 

VyrofonxMt^.—Axotomous  Perl  Mica.^lS  (Pe  O  -f-  81 0«)  +  15  (ifft  O+^BiO") 
**.<*VO»+.HO)tf.  F^'*  CR  arlu>mlM>lM»d«iii  K  ^'0 -^  i'o  ft.3:Ai-^i3-2. 
Qm«.  67  A^  Ji'a<*  uncvoB.  ..Translucent,  opaque.  I^twy  jwwljr.pr  y^^vtusi.  d^ 
bMiTBt  gi^an.  ^i»%  lighter  than  the  oolow.  B»  fUsibib.  i>eeQj»{Ki««d..l7  ^y«U(H 
chlitio  aoU.  :     . 

A  rare  nHiQsr^U    Fcuad  in  aUaohed  and  imbedtled  oi7st4i»    $wed#n,     ,  ,. 


Lm,  viknojMB.  Col  colourl«M,  vhite,  iprftf,  yellow,  red,  blue,  green,  bleok.  Sir,  white, 
Brittle.    B.  infusible.    Soluble  in  nitric  and  hydrochlorie  acidf . 

Found  in  veins  in  tertiary  limestone,  porphyry,  and  porphyritic  greenstone.  Saxony, 
Bolteinia,  Baden,  Cornwall,  Beronshire,  Berbyshire,  Cumberland,  Korthumbeiland,  the 
Banat,  Norway,  Faria,  Banfrewshira,  Siberia,  United  States,  Mesieo,  V^auTlns.  The  Urge 
jKrystalline  masses  of  Berbyehire  preaentisg  a  ooncentric  arrangeixieoi;  of  various  colours, 
principally  blue,  is  known  by  the  name  oiBlue  John,  It  is  turned  on  the  lathe  into  vases 
and  other  ornaments.  Fluor  is  used  as  a  flux  for  the  metallic  ores,  hence  its  name  from 
the  Latin  fluo  to /low. 

Fluellite. — Ituoride  of  AIum^iuin.--^iAMmMio.  Case  5S,  Translucent.  CoJ, 
wliite. 

A  very  rare  mineral,  found  on  granite,  at  Stenna  Gwyn,  in  Comwp;ll. 

TXxLQeejiU.'-Xfeutral  Fluate  of  C«riwn.-^Ce  F  +  Ce^  F^.  irhombohedyal. 
H  4*0  -^  5  0  G  4*7.  Case  6S,  Frae.  uneven.  Opaque.  LvAp  feeble.  CoL  red* 
yellow.    Sir,  yellowiaii-wlute.    B.  infusible. 

A  very  rare  mineral,  found  in  albite  and  quartz.    Broddbo,  near  Fahlun,  in  Sweden. 

yttroqwite.^Pyraiwu^a/  Qmim  JSari/ta.—C&  F,  ^  F,  Ce  F,  Case  58.  Frae. 
mieven.  Translucent,  opaque.  Zus.  vitreous.  Col,  purple,  blue,  red,  gray,  white. 
Str,  white.    Brittle.    1^.  infusible.     Decomposed  by  sulphuric  acid. 

Found  in  quartz.     Sweden,  Massachusetts. 

.  tCliWlte.^3  Na  F.  +  2  Al  F.  pyzanOdiil.  H  4:0  G  2«4  -  2-90.  Cmo  58. 
Transparent,  translucent.  ^.  rasmous.  Col.  colourless,  white.  B.  iusible.  Decom* 
pMM^d:  by  sulphuric  acid. 

Found  in  gnusii^e.    Miaak,  i»  Siberia. 

l^vfMU.'^i  Na  F  +  Al  T\  pyismatto.  H  2'6  --  8-0  G  2-958  -  2-963. 
Case  58.  JV*ac.  uneven.  Semi-transparent,  translucent.  Lus.  yitreotts.  Col.  white, 
yellow,  red,  brown.  S^r.  white.  Brittle.  B.  fusible.  Soluble  in  strong  sulphuric 
add. 

Found  in  gneiss  and  granite.    West  Greenland,  Siberia. 

Chpdnewite  — 2  Na  F  +  Al  ,F*.  H  40  G  30  —  308.  Transparent,  trans- 
lupent.  Lu9.  resinous.  Col.  cojouflcsis,  white.  B.  fusible.  Decomposed  by  sul- 
phuric acid. 

Found  in  granite.    Miask,  in  Siberift, 

.  )^«^cpphaiie.^3  (Ca  0  +  Si  0-)  4-  (3  G  0  +  2  Si  O^)  +  Na  R  mpsrlJac. 
H-3'5  —  4-0  G  2*974.  Frae.  uneven.  Transparent,  translucent.  Lm*  vitrcouik 
CqI,  yellow,  ^een     &fr.  white.    Very  tough.    B.  fusible. 

Found  imbedded  in  syenite,  near  Brevig,  in  Norway. 

Topaz.— Pmm«//o  Topaz,  PpcniUj  Fpri^ph^aalite.—2  Al  F^  +  3  Si  F«  -f  12  (Al  0^ 
4-  Si  9^2).  pirjUnnaUc.  H  8-0  G  3-4  ^  3-6.  Case  68  i^  ^r«K.  eonehoidaL 
Traiisparent,  translucent  on  the  edges.  Zve.  vitreous.  Col,  coloiulegii^  wljite,  yellow, 
r^,  blue,  green.  Str,  white.  B,  infusible.  By  ignition,  the  yeUow  vm^ties  become 
red,  and  the  pale  yellow  colourless,  without  losing  their  transpwency. 

Found  in  granite,  gneiss,  mA  poiphyry.  Siberia,  Moravia,  Asia  Minor,  Sasony,  the 
Brazils,  Bohemia,  Cornwall,  Ireland,  Scotland,  Sweden.  New  South  Wales.    Th^  purest 
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▼uietiM  from  the  Bimsils,  called  the  Ooutte  d'eau,  when  eat  in  fiusets,  like  the  diemoiid, 
closelj  resemble  it  in  lustre  and  brilliance.  The  topas  is  used  as  an  ornamental  stone. 
The  Brazilian  topaz,  which  has  been  made  red  by  ei^osnre  to  heat,  when  poliahed,  can  be 
distingoished  from  the  bales  ruby  only  by  its  becoming  electric  by  friction. 

MamHm.—ChondradiUj  SemiprUmatic  ChrytoUtey  MaeheriU,  Bmcite.S  (2  Mg  0 
+  Si  0^  +  Mg  FL  obliqvM.  H  6*5  6  3*10  —  3*20.  Case  58  a.  Jrac.  uneren. 
Transparent,  translucent.  Luf,  Titreous.  Col.  yellow,  brown,  gnif.  Str,  white. 
B.  infusible.    Soluble  in  hydrochloric  acid,  leaving  a  jelly  of  silica. 

Found  in  limestone  and  dolomite.    Finland,  Sweden,  United  States,  YesaTins. 

BtJt.—MuriaU  of  Soda,  Chloride  of  Sodium,  Roek  Salt.—KtL  CI.  e«Ue.  H  2*0 
G  2*22.  Case  59.  lirae,  conchoidaL  Transparent,  translucent.  Lut,  Titreont.  CM, 
colourless,  white,  gray,  yellow,  red,  green,  blue.  Str,  white.  Taste,  saline.  Bather 
brittle.    B.  fusible.    Soluble  in  water. 

Found  widely  disseminated,  in  thick  beds  and  masses  in  Tsrions  formations,  and  as  sa 

efflorescence  covering  large  tracts  of  country.      Hungary,  Moldavia,  Styria,  the  Tyrol, 

Bararia,  Wortemberg,  Switzerland,  Spain,  Cheshire,  the  Brazils,  Mexico,  Africa,  Arsbia. 

.  Used  extensirely  for  culinary  purposes,  agricultural  and  metallurgic  operations,  also  in  the 

manufacture  of  earthenware,  tot^,  eoda,  &c, 

Sylwlne. — Chloride  of  Potassium.^K  CI.  cubic.  G  1-9  —  2*0.  Trmnspaient^ 
translucent  Lut,  vitreous.  Col.  colourless,  white.  Taste,  salt,  rather  bitter. 
B.  fuses  and  volatilizes.    Soluble  in  water. 

Found  in  crystals,  and  as  an  efflorescence.    Vesuvius. 

8*1  Aaunoniac. — Muriate  of  AtMnonia,  Octahedral  Ammonia  Salty  Salmtai.-^ 
y  H«  CI.  cubic.  H  1*5  —  20  G  1*528.  Case  59.  Transparent,  translucent 
Lui.  vitreous.  Col,  colourless,  white,  gray,  yellow,  brown,  black.  Str.  white.  Taste, 
saline.    Very  sectile.    B.  volatilizes  without  melting.    Soluble  in  water. 

Found  in  crystals  and  massive.  Vesuvius,  Etna,  Solfotara,  Lipari,  Bourbon,  Iceland, 
Buchanan  Tartary,  Himalaya  Mountains,  France,  Scotland,  Newcastle.  Employed  in 
medicine,  metallurgio  operations,  and  in  tinning  and  soldering. 

Cctannite.— Pb  CL  prismatic.  G  5*238.  Case  59.  Transparent  Lut. 
adamantine.     Col,  colourless,  white.    Str.  white.    B.  fusible.    Soluble  in  water. 

Found  in  the  crater  of  Vesuvius  after  the  irruption  of  1822. 

MaUockit6.~Pb  a  +  Pb  0.  pyramidal.  H  2-5  —  30  G  7*21.  Case  59. 
Frae.  uneven.  Transparent,  translucent.  Lut,  adamantine.  Col.  yellowish.  ^B. 
fusible. 

Found  in  old  heaps  in  the  Cromford  level,  near  Matlock. 

Mcndipitc.— JTtfTimyfe,  Feritomout  Lead  Barpta.-^'Ph  CI  +  2  Pb  0.  pxismatic. 
H  2-5  —  3-0  G  7  0  —  71.  Case  59.  Frae,  conchoidal.  Translucent  Lut.  ada- 
mantine. Col.  white,  yellow,  red,  blue.  Sir.  white.  B.  fusible.  Soluble  in  nitric 
acid. 

Found  with  ores  of  lead.    Mendip  Hills,  Somersetshire,  Westphalia. 

Remolinitc.— Jftinafe  of  Copper,  Smaragdoehdltit,  Ataeamite.—CvL  CI  +  3  (Cu  0 
+  H  0).  prismatic.  H  3  0  -  3-5  G  3*69  -  3*71.  Case  59.  I^ae.  conchoidaL 
Semi-transparent,  translucent  on  the  edges.  Lut.  vitreous.  Col.  green.  Btr.  green. 
Bather  brittle.    B.  fusible.    Soluble  in  acids. 

Found  in  veins  and  as  a  volcanic  product.  Los  Bemoilinos,  Gnasko,  Chili,  Peru,  Saxony, 
Vesuvius,  Etna. 
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ConaeUiiM,'r^ulphatO'ehhrid$  of  Copper,  vhomboliedral.  Lus,  yitreous. 
Tranvluoent.    CoL  blue.    B.  Auible.    Soluble  in  hjdroohloric  acid. 

Found  with  aneniate  of  oxide  of  copper.    Cornwall. 

Pereylite  -^A  Hydrochloride  of  T^ead  and  Copper,  oubie.  H  2*5.  Case  59. 
Lu»,  Titreous.    Col  sky-blue.    8tr.  the  same.    Soluble  in  nitric  acid  by  boiling. 

Found  with  gold  in  a  matrix  of  quartz.    La  Sonora  in  Mexico. 

Xeiate. — Muriate  of  Silver^  Hexahodral  Perl  Kerate^  Somsilver.^Ag  CI.  ci&bie. 
H  1*0  —  1*5  G  6' 66  —  5*60.  Case  59.  Frae.  conchoidol.  Transparent,  translucent 
on  the  edges.  Lus.  waxy.  Col,  pearl-gray,  blue,  green,  brown,  yellowish-white. 
Sir,  shining.    Malleable  and  sectile.    B.  fusible.    Soluble  in  ammonia. 

A  rare  mineral,  found  in  veins  with  ores  of  silver.  Mexico,  Peru,  Chili,  Siberia,  France, 
Cornwall,  the  Hartz.    Derives  its  name  from  Ktpas  horrtf  on  occount  of  its  appearance. 

EmboUt«.~2  Ag  Br  +   3  Ag  CI.     cubic,     H  20    G  5*789  —  5'806.~~ frao. 
hackly.    Lua,  adamantine.    Col,  yellow,  green.    Perfectly  malleable. 
Found  in  limestone.    Copiapo  in  Chili. 

Mxomifm.-^Bromide  of  Silver,  Ag  Br.  cubic.  H  1*0  ~  20  G  5'8  —  60. 
Case  59.  Lus,  bright.  Col,  green,  yellow.  Sir,  green.  B.  fusible.  Soluble  in  warm 
concentrated  ammonia. 

Found  with  kerate.    Mexico,  Chili,  Bretagne. 

Iodit«. — lodio  SHver.^Ag  1,  H  I'O  G  5*504.  Itif.  resinous.  Co/,  yellow,  green. 
Str.  shining.    B.  fusible.    Soluble  in  atrong  hydrochloric  acid. 

Found  in  serpentine  and  porphyry.    Mexico,  Chili,  Spain. 

Calomel.— iftimto  of  Mercury,  Tyramidal  Ferl  Kerate,  Ebm  Quicksilver.—'Rg;^  CI 
pyzamidal.  H  1*5  G  6*4— 6*5.  Case  59.  Fra^.  conchoidal.  Translucent,  trans- 
lucent on  the  edges.  Lus,  adamantine.  Col,  gray,  green,  yellow,  brown.  Sir,  white. 
Sectile.    B.  volatilizes.    Soluble  in  nitro-muriatic  acid. 

Found  with  mercury  and  cinnabar.    Bohemia,  the  Palatinate,  Comiola,  Spain. 

Coecinite. — loduret  of  Mercury, — Lus,  adamantine.  Col  red.  Melts  and  sub- 
limes easily. 

This  mineral  is  probably  identical  with  the  red  crystals  of  Iodide  of  Mercury,  Hg  I, 
formed  by  cooling  a  saturated  solution  of  Iodide  of  Mercury  in  an  aqueous  solution  of  Iodide 
of  Mercury  and  Potassium.  These  crystals  are  pyramidal ;  when  heated  they  sublime  and 
form  yellow  crystals  belonging  to  the  prismatic  system.  The  yellow  crystals  become  red 
by  being  scratched  or  rubbed. 

VKmUitm.—MeUate  of  Aluminay  Honey  Stone,  Fyramidal  Melichrone  Resin, — ^Al  0^  4- 
G«  0^  +  18  HO.  virramidal.  H  2*0  — 2*5  G  1-5  —  1*6.  Case  60.  Frac.  con- 
choidal.  Transparent,  translucent.  Lus.  resinous.  Col.  Honey-yellow,  inclining  to 
red  or  browiL    Sir.  white.    Sectile.    Soluble  in  nitric  acid. 

Found  in  beds  of  brown  ooaL    Thuriogia,  Bohemia,  Moravia. 

Bumboltine Oxdlaie  of  Iron,  Oxalit.^2  (Fe  0  -f-  C^  QS)  -{-  3  H  0.    H  2*0 

G  2*15  —  2*25.     Case  60.     Frae,  uneyen.     Opaque.     Lus,  waxy.    Col  yellow.    Sir. 
yellow.    Slightly  sectile.    Soluble  in  acids. 

Found  in  a  bed  of  brown  coal.    Bohemia,  Hessia. 
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Wh9WMiim.—0xakf(4  of  Lftne.^CtL  0  +  C>  0'  +  0  0.      ^Bll^m.    im  — 

3*0      G  1*833.      Frae,  conclioidaL     titdonpttent,  opaqae.     Lm,  Tltrdoat,  ooAofttlM. 
Sir,  white.    Very  brittle. 

Fo«nd  with  cakite.    Htngary. 

Bttnrit:^0wmte.—{2  Mg  0  +  P  0«)  +  N  H»  + 18  HO.  pstUmmtU. 
H  1*5  —  2*0  O  1*66  ->  1*75.  Case  60a.  Frso.  cowAmdal.  Tran^Mvtfnft,  femi- 
tnasparent.  Lut.  vitreous.  CoL  oolourlefis,  yellow^  browa.  8tr.  white.  ^.  fofible. 
Soluble  in  hydrochloric  acid. 

Found  In  eiyttalt  in  1845,  when  diggmg  the  fcmndfttion  of  the  new  chorch  of  St.  Kiobolaf, 
Hambargh,  having  been  prodaced  by  the  deoonpositioa  of  animal  aoatter }  it  ha«  alaa  beea 
discovered  in  guano  from  the  coast  of  Africa. 

Am^mw.-^^itnaUmy  8tteeinite.-^C^^  H*  0.  AmOTphous.  H  3*0  -*  2-5  0 1*0^  11. 
Case  60.  Transparent,  translucent.  Lut.  waxy.  Col.  yellow,  red,  brown,  white. 
8tr.  yellowish-whito.     Slightly  brittle. 

Found  in  rounded  masses  and  disseminated,  occurs  principally  in  the  tertiary  coal  forma- 
tions. Sicily,  Prussia,  Pomerania,  Holstein,  Courland,  Livonia,  Greenland,  China,  France, 
Italy,  Spain,  England,  Ireland.  It  frequently  contains  inaeeto  which  are  now  eatiact.  Used 
for  ornamental  purpoaea,  and  also  in  the  manufaetore  of  vamisfaea. 

eo]f9LkLBL% --Fassil  Copal,  Highgate  Besin.-- Amorphoua.    H  2*5    01*046.    Case  60. 
Frac.  conchoidaL     Semi-transparent,  translucent.      Lut.  wsxy.      Cal.  yidllow,  btown. 
Brittle.    Bli^y  soluble  in  ether. 
;  [  Found  in  blue  clay.    Highgate  near  London,  and  In  tb«  East  Indies. 

Retinasplialt.— ISe^tntY^.—Amorphotis.  H  1*0  ^  2*0  O  1*05  ->^  1*20.  Ossd  60. 
Frae,  conchoidaL  8emi-traaapaienl,  opaque.  CoL  yelloWi  hiow%  gray«  Sir.  yel- 
lowiah-brown.    Brittle. 

Found  in  hrown  Coal,  stone  coal  and  peat  Halle,  Yogelsgebifye,  Derontfhitte,  Haiyltad, 
Bohemia,  Osnabriick. 

VtLTfbXkk.'^Earth  Oil,  Bitumen.  Liquid.  G  0*7  —  0*8.  Gase'dO.  Transparent, 
translucent  Col  oolonriess,  ydllow,  brown.  Uneiiioiu  to  the  touch.  UmiM  annatic 
and  bituminous.    Soluble  in  pure  alcohol 

Found  coring  out  of  defts  in  rocks  or  the  ground.  Italy,  the  Alps,  Pyimoao,  U^ted 
States,  Penia,  East  Indies,  China,  Baku.  When  exposed  to  the  aif  becoaaea  thick  aad  at 
last  solid.    Petralettm,  Klateritet  and  AtphulHm,  are  supposed  to  be  naphtha  thus  altsnd. 

Petroteum,  fbtmd  in  Hanover,  Bronswiek,  Akmee,  Anvetgne,  Batbadoea,  Trinidad,  Las* 

cashire,  Coalbrookdale,  Edinburgh,  Ava. 

Elaierite,  found  in  Derbyshire,  France,  and  Connecticut. 

Atphaltum,  found  in  Hanover,  Soult,  the  Bhone,  the  Dead  dea,  Cornwall,  S&topahire, 
East  Lothian. 

8clieezexit6.— C  H^.  oblique.  Soft.  G  10  — 1*2.  Case  60.  .Tro^r.  conohoidal. 
Transparent,  translucent.  Lus.  resinous.  Col  white,  gray,  yellow,  green!  8tr.  white* 
Brittle.    Unctuous  to  the  touch.    Soluble  in  nitric  acid. 

Found  in  broWn  coaL    St  Gallen,  Wcsterwald. 

Xonieinite.— Zbn/tVe.— C-  n.    G  OSS.    Col.  white. 

Found  in  crystalline'plates  and  grains,  in  brown  coal  and  in  apeai  Vo|^  Switxexland, 
Bavaria.        .  ,  ... 
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TUlhtMU.^A  hydtotalbtm,  Thuupiifeiit.  Lus.  ]^arly,  colooileirs.  tTnetaous 
to  the  touch.    Without  tastd  or  smell.    Soluble  fa  ethef. 

Fonnd  in  acicBlar  tfxttals,  WtweeB  the  yearly  ringn  of  piae  stems  in  a  bed  of  tax£ 
Bedwiiz,  near  the  Fichtelgebirge. 

MmMt.  —  A.  hydrucurboB.  H  10  G  1*046.  Case  60.  FrM.  conchoidaL 
Translucent    Ltu.  h,itj,  feeble.    CoL  white.    Kot  flexible.    Sectile.    Soluble  in  ether. 

Foond  in  bcown  coaL    Oberhart  in  Austria* 

0solMiit6ir-G  H.  [U  10  G  0-94  —  0*97.  Prae.  conchoidal.  Lus.  waxy. 
Translucent  on  the  edges.  CoL  green,  brown,  yellow,  red.  iS7r.  yellowish-white. 
SectUe,  todi^  and  flodlAe.    Bohible  in  oil  of  turpentine. 

Found  in  MoldaiTia,  Amstria,  KewcasUe. 

Batchettine — 0  H.  H  1*0  G  0*6078.  Case  60.  Translucent,  nearly  opaque. 
Lus.  pearly.    Col.  yellow.    Partially  soluble  in  ether. 

Found  in  masses  resembling  wax  or  train  oil,  in  the  cool  formations  of  England  and 
Scotland. 

flSiddletonite. — G  I  -6.  Thin  fragments,  transparent.  Lus.  resinous.  Col,  brown. 
8tr.  light  brown.     Soluble  in  concentrated  sulphuric  acid. 

Found  in  small  rounded  masses  between  layers  of  coal.    Leeds,  Newcastle. 

Psatliyxite. — Martin. — G  1*115.     Col.  white.     Soluble  m  petroleum. 

Found  in  masses  resembling  train  oil  in  brown  coal.    Oberhart  in  Austria. 

Ouyaqulllita.— Amorphous,  soft.  G  1*092.  Opaque.  CoL  bright  yellow. 
Soluble  in  alcohol. 

Found  at  Guyaquil  in  South  America.  A  substance  found  in  the  Irish  bogu,  and  called 
bog  butter^  seems  to  be  allied  to  guyaquillite. 

Berengelite. — Amorphous.  Frtte.  conchoidal.  Lus.  resinous.  Col.  dark  brown. 
Sir.  yellow.    Taste,  bitter.     Soluble  in  ether. 

Found  in  large  masses  in  the  province  of  St.  Juan  de  Berengela  in  South  America. 

Walchowlte.— Amorphous.  H  1*5  —  20  G  1*035  —  1069.  Frac.  conchoidal. 
Translucent.  Translucent  on  the  edges.  Lus.  fatty.  CoL  \  yellow,  brown.  8tr. 
yellowish-white.    Brittle.     Soluble  in  sulphuric  acid. 

Found  in  brown  coal.    Walchow  in  Moravia. 

Ixolirte.— Amorphous.    H  1-0    G  1*008.    Case  60.   Frac.  conchoidal.    Lus.  resi- 
nous.    CW.  red.     Sir.  yellow.    Sectile.    Smell,  aromatic. 
Found  in  brown  coal.    Oberhart  in  Austria. 

Piausite.— H  1*5  G  1-220.  Frac.  imperfect  conchoidal.  Translucent  on  the 
thinnest  edges.  .  CoL  blackish-brown.     Sir.  yellowish-brown.    Sectile, 

Found  in  a  bed  of  brown  coal,  near  Piauze  in  Camiola. 

Anthzacite.  H  2-0  —  2-5  G  1-3  —  1*75.  Case  60.  Frac.  conchoidal.  Lus. 
vitreous.     CoL  black.     Sir.  black.     Brittle. 

Found  in  the  Alps,  Pyrenees,  France,  Pennsylvania,  Massachusetts,  Bohemia,  Silesia, 
Saxony,  Hessia,  Staflfordshire,  Brecknockshire,  Carmarthenshire,  Pembrokeshire,  Scotland, 
Ireland.    Used  as  a  fuel  for  furnaces. 
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Blaok  099l.— Bituminous  coal.  H  2*0  —  2*5.  Cose  SO.  Frac,  oonchoidal,  Lus, 
mxj.    Co/,  black.    5fr.  Uack.    Slightly  leotile.    Brittle. 

Found  in  England,  Gennany,  Bohexnia,  Morayia,  Belgium,  France,  North  America, 
China,  Japan,  Australia.  Most  ralnable  as  a  faeL  Upwards  of  50,000,000  tons  are  obtained 
from  the  coal  fields  of  England  annually. 

Bxown  Coal.— i^ni^.  H  1*0  —  2*5  6  0*5  —  1*5.  Case  60.  Frae.  conchoidoL 
Lut.  waxy.    Col.  brown,  black.    8tr,  brown. 

Found  in  Germany,  Switzerland,  Hungary,  Italy,  Greece,  Iceland,  Greenland,  Devon- 
shire, Sussex,  Scotland,  Faroe  Isles,  Ireland. 

WALTER  MTTCHEUU  K.A. 
J.  TENNAKT,  F.G.S. 
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Absorption  of  light,  134,  135 

Addsberg.  caverns  of.  IGI. 

Adit  level  of  a  mine,  279. 

Aerial  pcrBpectlvc,  physical  principles  of,  lil, 

Africa,  physical  geography  o4  21. 

-Vgricultural  geology,  191;  knowledge  of  neces- 
sary, 192. 

Agriculture,  application  of  geology  to,  130 ;  rela- 
tion of  geology  to,  195. 

Aiguille  do  Dm,  in  Switzerland,  view  of  the,  143, 
144. 

Air,  periodic  changes  of  the,  10,  11  (see  Atmo- 
spheae). 

Air  and  water,  action  of,  on  exposed  coasts,  24. 

Alaba.<»ter  (Gr.  ^labastron  a  town  in  Egypt 
where  the  mineral  abounded),  wide  distribation 
of.  209. 

Alhcrcse  rocks  of  Italian  geologists,  108. 

.-Ulcghany  mountains,  view  of  the.  150. 

.VJUcnheads,  the  great  lead  mines  of,  285. 

Alluvia,  mining  fai,  261. 

Alluvial  soil,  deposits  of,  192;  derived  fiCQm 
rivers,  194. 

Alps,  mountain  ransfe  of  the,  2i^  25. 

Alum  Bay,  Isle  of  Wight,  soft  sands  of,  104. 

Alum  shale  of  the  Yorkshire  coast^  71*  96. 

Aluminous  soils,  193. 

Ajnazon,  the  river,  its  vast  magnitude,  18 ;  im- 
mense deposits  of  the,  38. 

America,  river  systems  of,  18 :  physical  geography 
of.  22 ;  numerous  beds  in,  119. 

AmmonUci  bisulcatus  (from  Amman theram's- 
homcd  Lybian  deity,  and  X<at.  bisulcaiut  doa- 
ble-fhrrowed).  a  lias  fossil,  94.  95,  96. 

A.  bnltntnt  (from  Lat.  bullatui  studded),  an 
oolite  fossil,  97. 

A.  Jason,  an  oolite  fbssll,  9S,  99. 

Amygdolold  (Gr.  amygdala  an  almond,  and 
eiffos  resemblance),  rocks  so  called.  48. 

Ancyloceraa  (Or.  ankulos  a  curvature,  and 
Jceraa  a  horn),  a  Neocomlan  fossil,  104,  105. 

Andes,  monntain  chain  of  the,  24,  25. 

Animal  Hft,  first  condition  of,  on  the  earth's  sur. 
fee6,77. 


Animals,  distrlbntion  of.  on  tne  eaifh,  throijgn 
the  different  periods  of  time,  61  et  *e^.;  bones 
of,  found  in  the  Arctic  regions,  64 ;  adaptation  pf 
every  part  of  the  skeleton  of,  64,65  ;  once  ei- 
Isttng  In  our  own  island,  70  ;  in  South  Arnica 
and  Australia,  ib, ;  of  the  red  sandstone  fbnut- 
tion,  92,  93 ;  extinct  races  of,  126.  .     , 

Anoplotherium  (Gr.  an  op /o«  ummncid,' and  2^0- 
rion  a  wild  beast),  account  of  the,  119,  i23. . 

Anthracite,  constituents  of,  230. 

Apiocrinite  (Gr.  apion  a  pear,  Skud  ^JerinOfK  fl 
lily),  a  middle  oolite  fossil,  98, 99. 

Apteryx  (Gr.  a  and  pteryx  wanting  whigiO^  ^ 
wiu(;less  bird  of  New  Zealand,  65. 

AqucoDS  action  on  the  earth's  siuibce,  7fJ. 

Aqueous  rocks,  47,  58;  arrangement  of,  59. 

Aqueous  theory  of  mineral  veins,  269. 

Arcadia,  limestone  mountains  on  tho  coast,  of. 
152. 

Architectural  geology.  204. 

Arctic  regions,  bones  of  tropical  aniioaVi  foim4  in 
tho,  64. 

Art,  dependence  of.  on  sdence,  132. 

.Artesian  springs,  the  geological  principles  of,.  2ttl* 

Artist,  importance  of  scieutiflc  knowlodg*  to  tb^^ 
133. 

A«ia  Minor,  extinct  volcanoes  in.  180,  181 . 

A*tarte  eiSgan*  (from  Astarte  the  Sidoniaa 
goddess  of  beauty,  and  Lat.  elegant  elefl^^t^ 
an  oolite  fossil,  99. 

Atlantic,  marine  currents  in  the,  16. 

Atmosphere  (Gr.  atmoa  vaponr,  and  ipAatra  a 
•globe),  component  ekments  of  the,  7,  8 ;  its 
uses,  9;  changes  of  its  condition,  10;  its.nat«r^ 
133;  illusions  of  the,  135,  136;  ctrpoUtion  of 
water  by  the,  198. 

Atolls,  formed  of  coral  reefs,  35, 36. 

Auglto  rock  (Gr.  auge  glittering),  52,  53. 

Aulopdrn  serpens  (Gr.  aulos  a  pipe,  and  |)9ra 
a  pore ;  Lat.  serpens  croepiog),  a  i^ddle paljteo- 
zoic  fossil,  81. 

Aurora  borc&lis,  phenomena  of  the,  137, 138^ 

Australia,  fbssil  animals  fbund  in,  125. 

AveUana  cassis  (Lat.  avellana  a  filbert  not, 
and  cassis  a  helmet),  a  greensand  toaeU,  1T>7. 
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BanahnHih  lUte  quarries  in  Scotland,  211. 

Baaalt  of  Tolcanic  rocks,  177;  aoUs  derired  from, 
193. 

Basaltlerocki.  thelrnatare.  63, 54 ;  scenery  of,  181. 

Bastel,  near  Dresden,  geological  ftatores  of  the, 
166, 167. 

Bath  stone,  one  of  the  oolltle  series  of  rocks.  7. 98 ; 
its  qoalities  as  a  tmilding  material,  207,  208. 

Batrachiaa  reptiles  (Gr.  AatracAo«  a  frog),  £m- 
sOised,  92,  93. 

Beaches,  raised,  tertiary  deposits  of,  71,  121. 

Belemnltes  (Or.  htlemnon  a  dart),  fossil  remains 
soca]led,9&,  96;  of  the  secondary  period.  111. 

B.  mueronatut  (Lat.  mucronatut  sharp-point- 
ed), a  cretaceous  species,  106,  \Wi, 

BeUerOphon,  a-fossU  so  called,  84. 

Berdan's  machine,  used  for  crushing  and  amalga- 
mating of  ores,  258. 

Bbd.  Imprint  <tf  the  foot  of  a  fossil  species,  61. 

Birds,  gigantic,  fossils  of,  foond  in  New  Zealand, 
125. 

Bitnmbions  coal,  228 ;  cannel  a  remarkable  speci- 
men of,  ib, 

"  Black  bands,**  tbe  ironstone  of  the  Clyde  dis- 
trict, 263. 

Blackdown  fbssUs,  group  of,  106, 107. 

Black-gang  Chine,  Isle  of  Wight,  stratified  sand- 
rock  of,  165 ;  waterfkU  of,  171. 

Blasting,  operations  cf,  in  mining,  284. 

Boghead  coal,  analysis  of,  229n. 

Boring  for  coal,  process  of,  236. 

Boulders,  erratic.  121 ;  composition  of,  185. 

Bradford  clay,  a  subdivision  of  the  oolite  series, 
account  of,  71,98. 

Brard's  method  of  testing  building  stones,  205 

Brazils,  mettiod  of  working  the  gold  ore  in,  253, 
254. 

Bilck  clays,  geology  and  contents  of,  213.  214 

Building,  sandstones  nsed  for,  206;  limestones 
used  for,  207 ;  granite,  martdes,  &e.  nsed  for, 
209. 

Building  materials,  properties  of,  204;  Brard's 
method  of  testing  building  sumes,  205. 


Caino-zoic  (Gr.  kainot  new,  and  Mooi  life)  rocks 

io  called,  117,  note. 
Caithness  flagstones,  account  of,  212. 
Calamite  (Lat.  ealamu*  a  reed),  account  of  the 

fbssil  so  called,  83,  224;  of  the  carboniferous 

period,  83. 
Calcareous  soUs,  193. 
Calcareous  rocks,  194. 
CalUbmia,  methods  of  workhig  the  gold  ore  in, 

256. 
Caljfmene   Blumenbachii    (Gr.   kalymma   a 

corenng),  a  Silurian  fossil,  75. 


Cancer  Maersekeilut  (Lat.  eaneer  a  etab},  ft 

tertlaiy  fossil,  120. 
Candles  used  in  coal  mines,  844,  245. 
Cannel  ooal.  nature  ot,  228. 
CarbonifSrottS  limestone,  153. 
Csrboniferons  rocks,  hard  sands  of  the,  168. 
C^arboniferotts  sea,  ooodltlon  of  the.  daring  tht 

palieocolc  epoch,  85;  shells  and  fishes  of  the,  86. 
Carboniftrous  scries  of  fossils,  82  et  seq.i  group 

at,  84 ;  plants  of  the,  87 ;  coal  formations.  87,  88. 
CatdU  (Or.  kardia  the  heart),  a  marine  fossO, 

117,118. 
Cardlta  pgetuneulari*   (Gr.  kardia:    Laft. 

peeten  a  comb),  a  tcrUacy  fossil,  118. 
Cardium  peregrtnum  (Gr.  kardia  ;  Lat.p0r«- 

grinum  foreign),  a  Xeocomian  fossil,  103, 104. 
C.  Hillanum,  a  grecnsand  fossil,  1Q7 
Cam  Brea  mine,  iu  immense  depth,  278. 
Cascalho,  the  JirasUian  name  given  to  the  aail- 

fcrous  detritus,  254n. 
Catakeeaumene,  in  Asia  lOnor,  extinct  volcano 

of,  180. 
Caverns  of  Dudley  CasUe,  158;  of  Adelsberg,  161 ; 

at  Nottingham  Castle,  and  in  Saxon  Svdtnr^ 

land,  166, 167. 
Cements,  geology  of,  213,  214. 
(keratites  (Or.  kerat  a  honi),  a  sandstone  fossO, 

92,93. 
C.   nodOtut   (Or.   kera§,  and  Lat.  nodoiut, 

knobby),  a  sandstone  qiedes,  93. 
Ce^itMum  hexagdnum  (Or.  kera§  ;  hes  six, 

and  gonia  an  angle),  a  tertiary  fbasil,  118. 
Chaik  dUb  of  England,  156. 
Chalk  fbrmadon  of  the  secondary  epoch,  106 ; 

fossils  of  the,  106, 107;  the  highest  deposit  of  the 

secondary  series,  108. 
Chalk  sponge,  figure  of,  109. 
Cheddar  difls,  limestone  rocks  ot,  155. 
Cheese  grotto  in  the  Elfel,  54. 
Cheionia  Benstedi  (Gr.  eheig*  a  tortoise),  a 

greensand  fossil,  107. 
Chili,  method  of  working  the  gold  ore  tai,  256. 
Cfionitet  Datmaniana  {Qr.chong  afimnel),84. 
Cid&ris  (I^.  eidarit  a  tortian),  figure  of,  95, 96. 
C.  glandiformit  (Lat.  glandiformit  aoon- 

shaped),  an  oolite  fossU,  10ft. 
Cfarrus  clouds,  139, 140. 
Classlflcation.  law  of,  in  geology.  66 :  of  stratiflcd 

rocks,  70;  Ubie  of,  71 ;  of  fossOiaed  flshss,  79. 
CUiy,  soft,  picturesque  forms  of,  172. 
Clay  ironstones  of  the  lias  fomiation,  862. 
Clay  rocks,  nature  of;  171, 172;  varietiea  of  slates 

of.  174. 
Clay  slate,  a  metamorphfc  rode,  56. 
Clays  of  London  and  Hampshire,  71,  117;  o<the 

secondary  rocks,  173;  pecnliariUes  of,  varied  in 

plains,  ib.;  varieties  of,  174;  vaiious  ooloun 

of,  175;  varieties  in  England,   193L  194,  tbe 

constituents  of  brick,  porcelain,  fto ..  213,  214. 
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Cleavtg«  of  flatt  rook,  57. 

CUff«  at  the  Isle  of  Wight.  HMttngt,  Hytho,  &e., 

165. 
Climate,  physieal  conditions  of,  25,  M ;  inflaenoe of, 
on  dviliiatlon,  XT ;  the  eflRBct  of  lo^d  canset,  ib, 

Cloads,  phenomena  of,  17, 139;  fbnnation  of,  1* ; 
Tarietiet  of,  139, 140, 141 ;  accidental  colouTsof, 
141. 

ayde  district.  Its  beds  of  ironstone,  S83 

Ciyminia  Sedgwiekii  (Gr.  k,jfmino9  cela- 
brated),  a  sandstone  fossil,  81. 

Coal,  deposits  of,  in  Germany,  71 ;  of  the  carbo* 
iJferons  series,  71 .  83  ;  the  true  Tegetable 
origin  of,  87 ;  Its  use  and  Taloe  as  a  fhel,  221, 
222 ;  Its  extensiTe  distribution,  221 ;  its  geolo- 
gical origin,  223-225 ;  chieflj  formed  ftom  the 
plants  SlgOIaria,  Stigmarisi,  Lepldodendzon,  and 
the  Calamite,  ib. ;  thickness  of  the  beds  of, 
225n ;  mineralisation  of.  228 ;  its  appearance  at 
the  surface  of  the  earth,  ^6. ;  Its  relatlre  posi- 
tion. 227.  231  ;  Tarieties  and  essential  peculi- 
arities of,  228;  bituminous  coal,  16. ;  cannel  a 
remarkable  rarietj  of,  ib, ;  obtained  In  Korth- 
omberiand,  Durham,  ^c,  229 ;  steam  coal,  ib, ; 
anthracite,  230 ;  reUitlTe  Talue  of,  ib,;  age  of. 
ib. ;  interruptions  of  coal  l)eds,  or  fkults,  231- 
233 ;  appearance  of  the  coal  field  after  distur- 
bance, 232 ;  dykes  in  coal  fields,  233,  234n ; 
ralue  of  sections  of.  234;  ironstone  and  pyrites 
of,  235;  many  seams  contain  iron,  ib,i  im- 
portance of  to  England,  249. 

Coal  Mines  and  Coal  Mining,  surface  seams  the 
simplest  form  of  mining,  235 ;  deep  workings, 
338 ;  process  of  boring,  ib.;  shaft  sinking,  237  * 
Tarious  methods  of  tubbing, ib,;  dlfliorent  plans 
of  working,  238;  the  Newcastle  method,  ib.; 
explosive  gases,  239 ;  fire-damp,  239,  240 ;  on 
the  proper  ventilation  of.  240  et  aeq. ;  accidents 
from  flre-damp,  241,  242 ;  Tarious  methods  of 
TenUlating,  243,  244 ;  the  safety  lamp,  244  et 
aeq.;  accidents  in,  from  water,  248;  miscel- 
laneous accidents  In,  ib.;  dangers  of;  250; 
necessity  of  legislation  respecting,  250. 

Cologne,ToIcanie  action  in  the  neighbourhood  of,l 79 

Colour,  nature  and  phenomena  of,  136. 137* 

Colonrs  of  clouds,  141. 

Conglomerate  rocks  (Lat.  conglomero  to  heap 
together),  48. 

Continents  of  Europe,  Asia,  and  Africa,  physical 
geography  of  the.  21 ;  of  America,  22. 

Conularia  ornata  (Gr.  kono*  a  cone;  Lat. 
ornata  adorned),  a  sandstone  fossil.  81. 

Coral  rocks  (Gr.  korallion,  from  kore  and  ah 
daughter  of  the  sea),  formation  of,  35,  161. 

Coral  Ldands  built  by  the  polyp,  41,  42;  recent 
limestones  of,  160. 

Coral  rag,  a  varietj  of  the  oolite  series,  71 ,  100. 

CoralUne  crag,  a  deposit  of  the  middle  tertiary 
perio4  71.  119 


Coralline  fossils  of  the  oolite  fbnnation,  97. 104. 
Corals  of  the  carboniferous  period,  85. 
Oombrash.  a  variety  of  the  oolite  fcrmation,  71, 

98. 
Cornwall,  great  depth  of  the  mines  In.  284. 
Costeaning,  the  method  adopted  for  disoovcrlng 

the  presence  of  a  mineral  vein,  273 
Cotopaxl,  volcano  of,  178. 
Cotteswolds,  ooUtio  hills  of  tbe,  156. 
Coursing  the  air,  a  process  for  ventilating  eoAl 

mines,  243. 
Crsg,  mammeliferons,  of  Norfolk,  71, 121 ;  tertiary 

deposits  of.  ib. 
Crag-difllB  oi  the  Loire  and  Garonne,  71  • 
Crania  (Gr.  kranion  the  skull),  a  fossil  of  tba 

chalk  fbnnation,  106,  109. 
Cretaceous  fossils  (Lat.  or  eta  chalk),  105, 108. 
Cretaceous  limestones.  156. 
Crinoidal  group  (Or.  krinon  a  lily,  and  eidot 

resemblance),  red  sandstone  fossUs.  92. 
Crushing  mill,  used  for  the  preparation  of  ores, 

257, 258. 
Crystalline  limestones,  162. 
Crystalline  rock,  peculiarities  and  scenery  of,  177* 
Crystals  (Gr.  kryatalloe  ice),  nature  and  proper* 

ties  of.  44. 
Ctenoid  fishes  (Gr.  ktenion  a  little  comb,  and 

eidoe  resemblance),  scales  of  the.  79. 
Cumberland,  vast  mhieral  fields  o(  261,  262. 
Currents,  marine,  phenomena  of.  15 ;  their  coorst 

in  the  Atlantic,  16.  . 
Cyathoerinua  earyocrinoldea  (Gr.  kyathoe  a 

cup.  and  krinon  a  lily ;  karyon  a  nut,  krinon 

a  lily,  and  eido$  resemblance),  a  carbonUbroos 

fossil,  84. 
Cyathophyllum  eteepitoeum  (Gr.  kyathoe  and 

phyllon  a  cup-shaped  leaf;  Lat.  eeBapitoaua 

turfy),  a  Silurian  fossil,  75. 
Cycadeoidea  (Gr.  kykae  the  Ethiopian  palm,  and 

eidoa  resembiance),  an  oolite  fossil,  100. 
Cyelae  antiqua  (Gr.  kyklo*  a  shield,  and  Lat. 

antiqua  ancient),  a  tertiary  fossil,  117, 118. 
Cycloid  fishes  (Gr.  kykloi,  and  eidoe  resem- 
blance), scales  of  the,  79. 
Cyeloetoma  Arnoldii  (Gr.  kykloe,  and  atoma 

the  stomach),  a  tertiary  fossil,  118. 
Cypraa  eligana  (Gr.  Cypraa  the  name  of 

Venus,  and  Lat.  elegana  beautifhl),  a  tertlaiy 

fossU,  118. 
Cythire  aurieuldta  (Gr.  Cytherea  Yenus.  and 

Lat.  auriculata  eared),  a  Wealden  fossil,  101. 


Damp  in  coal  mbies,  239,  242. 

Davy  lamp,  its  value  in  coal  mines,  245. 247  *  num- 
ber of  lamps  in  the  Wallsend  pit.  245 ;  accidents 
with  the,  246 ;  orders  respecthig  the,  in  the 
Wallsend  coUieiy.  246. 
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Dent  island,  foniud  ofoonl  zock,  38. 
DeUbole  slate  qvMxry,  counly  CornvaU.  Sll, 
Deltas,  modora  tertiary  depoaito  of.  71. 
I>epoeit8  of  animal  origin,  41 . 
DerbTshira,  mooataia  aomarj  of,  154 1  Ttat : 

zal  fields  of,  S61. 
Desert,  sceneiy  of  the,  143. 
Development,  law  of,  in  geakiy,  99. 
DoTonian  period  of  tlie  earth's  snrOMe*  78 } 

offosailsoftbe,  81. 
Diallage  rock  (Gr.  diallage  difference),  58. 
Diamond  washing  in  mining  operatUms,  250. 
Dinotherium  (Gr.  deinoa  terrible,  and  therimi  a 

wild  beast),  foasU  remains  of  ttie,  119, 1S3, 124. 
IHmerocrinUe*  leoaidaetyiut  (Gr.  dimtret 

divided  into  two  parts,  and  krin^n  a  lUy  ; 

eikoai  twen^-,  and  daktyloi  flngen),a&aiiiian 

foesU.  75. 
Distribution  of  organic  beings,  law  of,  67 
Divining  rod,  adopted  for  the  discorexy  pr«  viao- 

ral  vein,  273ii. 
Dodo,  an  extinct  species  of  bird,  65. 
Doors  for  preventing  exploei«>ns  in  ooal  minei,  2U. 
Dove  Dale,  ooonty  of  Derby,  soeneiy  <^  156. 
Drainage  in  mines,  283,  284. 
Draining  of  land,  operations  for  the,  195, 196»  197. 
Dressing  the  ore  in  mines,  281 . 
Drift,  deposits  of,  ISl. 
Drifts  in  mines,  378. 
DwUey  Castle,  cavemi  of.  158. 
Diurbam,  vast  mineral  fields  ef,  961. 
Dykea,  appearance  of.  in  oual  itekls,  233i  mineral 

apedmena  from,  234  n. 
Dptoater  (Gr.  </jf«  i<nper£Kt,  and  u»i^  *atar), 

an  oolite  fossil,  97* 


EASTH,  physical  history  of  the,  1  et  aeq, ;  its 
i»rm,  2 ;  Uasorfiice,  i^. ;  scenery  on  the  auxfu^e, 
3 ;  difBerent  cUmatea  and  razietiea,  ib-;  iU  ^- 
dent  history,  ib.;  materials  of  which  it  is  foun- 
ded, 5  ;  pri^rtion  of  land  oiid  sea,  ib,;  map 
<tftbo,6;  its  geographical  and geolggieal  features, 
19;  skeleton  of  the,  29  ;  continents  of  the,  21 ; 
its  interior  beat,  87, 28 ;  change  of  level  of  land, 
33,  34  ;  a  large  portion  of  Its  cruet  exposed  to 
sodden  changes,  ib,;  important  dhangea  on  its 
mrface  from  aqueous  and  ignaooa  action,  86, 
37  ei  «07-i  77;  deposits  of  animal  origia,41  : 
^ntinuai  changes  on  its  surfieure,  43,  70;  (pate- 
xials  of  its  crust  arranged  in  definite  order,  and 
in  various  layers,  43,  65 ;  theory  of  its  )irst  for- 
mation, 44 ;  order  in  the  arrangement  of  its  sur- 
face materials,  45;  primaeval  state  of  the,  76 :  its 
aaoic  condition,  77;  great  changes  that  have 
afilM:ted  ita  surface,  126 ;  ita  fbrm  and  stmo* 
tare,  142 ;  constituent  elements  of  the,  198. 

.earthquakes,  ph>-8ical  charadyiisilca  o&  3l,32; 
violent  effects  of,  32,  33. 


Eastern  Archipelago,  Inaaoi 

rocks  la  the,  3. 
Egmont,  Monnt,  volcanic  cooeof,  in  STew  y^H*^. 

179. 
KIba,  Isle  or.  iroft  om  Couad  in  tbew  S70. 
Electrical  theory  of  the  ftaanatlos&orMiaoal  v«ii». 

Elements,  the  sabatanoea  so  called,  6 ;  difBeaky 

of  nndexstandfaig   thalr  pngpertiea,  U.:  fanes 

scting  qpoa  theou  ib,;  tbair  Mtion  oa  tbe 

earth's  mrtiuce,  42,  43L 
Elephants,  finoaeo  in  Siberia,  64 ;  af  the  ne««rtei^ 

tiaries.  124. 
Elk,  great  Irish.  fiMsOlaed,  93. 
Encriuital  stems  (Gr.  kriMom  a  lUy),  cvlNsrife- 

sous  fiissUa,  84.  . 
Enerinltea   moniliformis  (Gr.  hrimcn,  and 

Lat.  monilt  nd  formn  necklMa-XKia),  ml 

sandstone  fossils,  92,  93. 
Engineering,  application  of  geology  to,  MO,  1 94. 
EocCne  (Gbr.  eo»  dawn,  and  kainoo  new),  a  torn 

applied  to  the  fbrmatieo.  of  tha  tartiaiy  ^poch 

116  note. 
£WifOH  arctiformiM  (Gr.  erpa  to  draws  I^- 

aretut  sleader,  and/or«a  4bi^),  an  ooUte 

fossU.  99,  101. 
Escars,  bills  so  called.  151. 
Europe,  physical  goograp]^  0^  21,  32;  its  siild 

temperature,  36. 
Explosions,  in  coal  aOnea.  241 :  plana  for  imvutf- 

ing,  243,  244;  effects  of  weath^  ands^asaaon, 

247. 

V 
Falamoi^ftna,  atmospheric  iUaaloo  of  the^  134, 
FajulU  in  coal  beds,  231-233. 
Felspar  rock  {(iisc./eispatA  a  oyatalUze^  mioe- 

ial),62. 
Fens,  drainage  of,  196;  of  UncolMhiz^  IjfJ, 
Ferns  of  the  carbonifbuns  p«clod,  89. 
Fertility  of  soils,  causeaoi^  293. 
Fine  arts,  |i|tplicatIon  oigiviivsr  to  thf,  131. 
Fiugal*s  Cave,  staflia,  baaaltic  fiiJTnf^H/jj**  of;  lai. 
Fire  days,  pcppertles  of,  214. 
Fise-damyp  in  coal  minef.  239.240 :  acddentiifliiB, 

241 .  242 ;  £ital  effpcU  of  tha,  250. 
Fkestone  of  Mantel,  106. 
Fishes.  Qlassiflcaiion  o(  79 ;  foflitfUx^d scales  oCift j 

tads  of,  80;  of  the  palaeozoic  period.  65)  of  tbe 

carboniferous  period,  86  ;  of  the  Has  fivmaflon* 

95,  96 ;  fossil  remaiqs  of,  in  tb.^  tiutOs.  fiMmaikw, 

108;  of  the  secondary  period.  111;  of  tbe  tn^ 

tiary  period,  ]  17  :  of  the  older  tertiaxies,  122. 
Flagatoues,  silidons  rock  combined  with  argilla- 

oeous  matter.  210,  211 ;  varlooa  analitleioC  212. 
Flat  velnain  mining.  265. 
Foraminirerous  shells  ( Lat. /ora«i««  ao  ofieain]; 

or  door),  grconsaod  fossil  107. 
Foreground,  m  Uf^XtuM  fMblie  la  laadKtiiCk 

172. 
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Fotert  of  Dean,  vast  mlnoraL  fields  of  the,  362. 
Forest  marble,  a  yariety  of  the  oolite  formation, 

71.98. 
Forest  trees,  the  coal  fbrmation  produced  ttcm, 


Forests,  submerged,  71 ;  their  immensitj  in  S. 

America,  SI  8. 
Form,  advantage  of  aocorate  delineation  of,  162. 

FOSSILS  (Lat./o««t7J«  dag  out  of  the  earth).  59 ; 
natnre  of,  60 ;  exist  in  all  mineral  conditions, 
ib.;  fossilized  organic  remains,  61  et  teq.;  nse 
of,  in  geology  and  in  dassiflcation,  65,  66  ;  ex- 
press the  language  of  nature,  65;  the  lower  Si- 
lurian fossils,  72 ;  the  upper  Silurian,  74  ;  va- 
rious groups  of.  75,  81,  84,  93,  95.  99, 100,  101, 
103, 105, 107,  109,  118,  120;  middle  palSBOZoic, 
81 ;  group  of  Devonian  and  old  red  sandstone, 
ih, ;  of  the  carboniferous  period,  82,  84 ;  Per- 
mian fossils,  90;  sandstone.  93;  liasic,  95  ; 
oolitic  series,  96,  97 ;  middle  oolite.  99 ;  upper 
oolite,  100;  Wealden  series,  101 ;  lower  green- 
sand  series,  1 02 ;  Neocomian,  103 ;  upper  green- 
sand,  104,  107 ;  lower  and  middle  cretaceous 
fossils,  105;  upper  cretaceous  series,  106, 109  ; 
of  the  seeonda^  geological  period.  108  et  aeq.; 
of  the  lower  tertiary  period,  117, 118 ;  of  the 
middle  tertiary,  119  ;  of  the  upper  tertiary,  120 ; 
ofthenewtertiarles,  121,  124, 125;  oftheolder^ 
tertfarles,  123  (see  Okoloot  and  Bocks). 

Fringing  reef  of  coral.  35. 

Fuel,  mineral,  geology  of,  216 ;  stores  of,  217 ;  use 
of  wood  for,  217  et  aeq. ;  peat  used  for,  219. 220 ; 
lignite  used  for,  220  ;  use  of  coal  for,  221 . 

Fuller's  earth,  a  variety  of  oolite  day,  71 ,  97. 

FuauHna  eylindrUa  (Lat.  fu»u»  a  spindle, 
and  eylindrut  a  roller),  a  carboniferous  fbssil, 
84. 


GalerJtet  altogallrut  (Lat.  galerua  a  cap, 
and  altut  high),  a  cretaceous  fossQ,  109. 

Ganges,  immense  deposits  of  the,  37. 

Oanold  fishes  (Or.  ganot  splendour,  and  eido» 
appearance),  fbsdls  of,  79,  80. 

Gases,  oxygen  and  nitrogen,  contribute  to  the  for- 
mation of  the  atmosphere,  7 ;  in  coal  mines, 
239,  240 ;  accidents  firom,  241. 

Oanlt,  the  Une  day  formation,  104. 

Oenius.  importance  of  truth  In  works  of,  188, 189 

Geography  (see  Physical  Omgkapbt). 

GEOLOOT  (Or.  ge  and  logot,  a  discourse  on  the 
earth  or  land),  general  introduction  to,  1  et 
teq. ;  embraces  a  wide  range  of  knowledge,  1 ; 
its  various  departments,  ib, ;  on  the  actual  con- 
dition of  the  earth's  surface,  2  et  teq, ;  its 
general  nature,  4;  the  source  of  great  pleasure, 
ib.i  materials  of  which  the  earth  is  formed,  5; 


incessant  change  of  material  objects,  7 ;  Islands 
and  mountain  chains,  22,  24;  temperature  of 
the  earth's  interior,  28 ;  volcanoes  and  earth- 
quakes, 29-32;  changes  of  levd  of  land,  33; 
duration  of  geological  epochs,  34  ;  depression  of 
land,  35 ;  deposits  of  animal  origin,  41  (see 
Physical  Osoqraphy)  ;  a  sdence  of  obser- 
vation, 45,  46;  definition  of,  46;  nature  and 
structure  of  rocks,  47,  48 ;  igneous  rocks,  49 ; 
granite,  syenite,  &c.,  49;  porphyritlc  rocks,  51 ; 
trachytic  and  basaltic  rocks,  52,  53 ;  metamor- 
phic  rocks,  54 :  gneiss,  granite,  and  mica  schist, 
55;  distribution  of  metamorphio  rocks,  58; 
aqueous  rodcs,  ib. ;  fossils,  69 ;  shdls,  60 ;  dis- 
tribution of  organic  beings  on  the  earth,  61 ; 
distribution  In  time.  62  et  aeq, ;  use  of  fossils  in 
geological  investigation  and  in  dassiflcation, 
65,  66 ;  law  of  distribution  of  organic  bdngs, 
67;  successive  development  of  spedes,  69; 
classification  of  the  stratified  rocks,  70 ;  table  of 
classification  of  rocks,  71 ;  tertiary,  secondary, 
and  palaeozoic  epodis,  71 ;  lower  Silurian  rocks 
and  fossils,  72;  npper  Silurian  fossils,  74;  firs: 
state  of  the  earth,  76 ;  azoic  condition  of  the 
earth,  Tf ;  state  of  the  sUurlan  ocean.  78 ;  Devo- 
nian or  old  red  sandstone  period,  78 ;  structure 
and  grouphig  of  fishes,  80;  middle  palnozolc 
fossils,  81 1  rocks  and  fossils  of  the  carboniferous 
period,  82;  coal  measures,  83;  carbonlforous 
fossils,  84 ;  condition  of  the  carbonlforous  sea, 
85 ;  fishes  and  shdls  of  the  carboniferous  period, 
86 ;  land  and  planta  of  the  same  period,  87 ; 
carbonlforous  vegetation,  88, 89 ;  Permian  rocks 
and  fossils,  90;  secondary  epoch,  new  red  sand- 
stone series,  91 ;  sandstone  fossils,  93 ;  Has  rocks, 
94 :  llassic  fossils,  95 ;  oolitic  series  of  rocks  and 
fossils,  96-100 ;  Wealden  series,  101 ;  lower 
greensand  and  Neooomian  series,  103  et  $eq, ; 
cretaceous  fossils  and  rocks,  105,  106 ;  black- 
down  or  upper  greensand  fossils,  107 ;  general 
view  of  the  secondary  geological  period,  108- 
115;  upper  cretaceous  fossUs,  109;  the  tertiaiy 
period,  116;  lower  tertiary  rodu  and  fosdls, 
117, 118 ;  middle  tertiaiy  rocks  and  fossils,  119 ; 
npper  tertiaiy  rocks,  120,  121 ;  newer  tertiaiy 
rocks,  121  (see  Fossils  and  Bocks)  ;  outUne 
of  tertiary  series,  122;  seas  and  land  ot  the 
older  and  new  tertiaries,  122-125  ;  the  general 
history  of  geology,  126-128;  of  a  practical  cha- 
racter, 129;  general  considerations  on,  130;  Ito 
application  to  the  fine  arts,  131 ;  importance 
of  a  sdentific  knowledge  to  the  artist,  133  et 
§eq, ;  form  and  structure  of  the  earth,  142; 
composition  of  rocks,  145;  arrangement  of 
rodcs,  146 ;  position  of  certain  rocks,  147 :  moun- 
tain chains,  ib. ;  hill  and  plaUis,  148 ;  alter- 
ation (Crocks,  150;  limestone  monntains,  152;  . 
their  hardness  and  composition,  153 ;  carboni- 
ferous limestone,  ib,;  oolitic  limestone,  155; 
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creUoeoiu  limMtoae,  156 ;  llmestonof  of  eoa- 
tinental  Europe,  lW-158 ;  geotaflMl  «ff»  oo 
fidde  to  piotiuMqae  oooditlon,  ]&8,  IM;  «tna 
UmettoBe*  169.  160 ;  «rottoet  and  «tateottte8, 
161;  oiTkalliae  UoiMtoBAk  16S{  xsektw  «Dd 
regetatioo  of  limMtoae  mod  Mund  rockSi  16S  ( In- 
duration of  Mnd,  167;  qoaite  rock,  166«  old 
redfudttoiNb  170;  olaj  racks*  171-174 1  at- 
ii11'ti^>y>M  tchlfU,  17B ;  cryMOliae  And  Igneoos 
tock,  177;  volcanoes*  177-180  j  basalt.  181; 
granite,  182 ;  gravel  and  bouldert,  185 ;  obavac- 
teiistics  of  kills,  186;  weaUierinc  of  rooks,  187; 
vegetation  of  various  rocks  andsoils,  488 ;  tnths 
of  geology  to  be  stwiied  in  detail.  188,  189 ; 
i^rioBltnral  geology,  191;  natoro  and  origin 
of  •oils,  191;  geological  knowledge  oeoeaaary 
to  agricaltorists.  192 ;  aUuvial  soil,  4*.  t  Su- 
iSOty  and  composition  of  eotts,  19S;  vaiioas 
kinds  of  soils,  ib, ;  derivation  of  «oUs  flrom 
rocks,  194 ;  mineral  manures,  t6, ;  relation  of 
ireolo^  to  agricultnre,  196 ;  drainage  of  lands, 
196 ;  water  contento  of  various  rocka,  300  ; 
artesian  and  intermittent  wells,  201 ;  building 
materials,  204 ;  sandstones  nsed  for  building, 
206;  ooUto  limestones,  207;  iiaoestones  and 
granites,  266;  otaamental  stonea,  marble  and 
alabaster,  299;  sexpentlne,  ualachite,  spar,  slates, 
and  flagstones,  210, 211 ;  road-aaaking  and  road 
matetiaU  212  ;  road  ttnif  and  plastic  miAetialB, 
213;  briok  atid  poioelain  olaya,  cements,  and 
artificial  stena,  t*. ;  bilck  (day,  fire  olays,  and 
porcelain  clays,  214 ;  cements  and  mortars,  ib, ; 
plasters  and  artiflcial  stones,  216 ;  geokigy  of 
mineral  fteel,  ib, ;  stores  of  fuel,  «&. ;  peat  and 
Uguite,  220  {  distrUmtioii  of  ooal,  221 ;  origki  of 
ooal,  228;  varieties  and  age  of  ooal,  228,  230 ; 
ooal-fieldt,  233|  iron  stoaos  and  pyrites,  235; 
explosive  gases  in  ooalnniues,  289  0i  »eq,\ 
mining  ia  stratified  rooks  and  allnvia,  251 ; 
gold  mining,  and  distribution  of  gold,  251  e/ 
«ef . :  mining  in  mineral  veiiu,  263  et  tef . ; 
•     praotioal  uses  of,  286  <see  Mrwiira). 

Geordic  lamp,  Ut  use  iaooal  mines,  246. 

Oeysen  spring,  of  loetend,  29. 

Glaciers  <lAt.  -gUeio  to  congeal>,  ndgMgr  agents 
of  change  on  tbe  eaith'tt  sutiue,  38 ;  i^oier  of 
the  Bhooe,  39. 

Globe,  land  and  water  of  the,  5,  6,  16, 17 ;  prt- 
m«Bval0tatooftlie,76;  important  ohanges  in  its 
surface,  77. 

Glyptodou  (Or.  ^lypto  to  carve,  and  oi^^ii^t 
teeth),  of  the  tertiaiy  formation,  125. 

Gneiss  rook  (Oer.  gneitt  a  crystallized  mineraiy, 
its  oonstitnent  materials,  5^«  subject  to  great 
ohanges,  ib . 

Goaf;  the  Impure  gas  in  coal-mines,  241. 

Pou)  oan,  mtaiing  for,  257 ;  geological  distribn- 
tion  0^251 ;  operations  of  washing,  252;  work- 
ings of,  in  Siberia,  OaUfoniia,  and  Australia,  ib.i 


£at. 


«*.{  amalgamatfon,  ib,\  Bn«allM  «MtMl  <C 

gold-working,  253,  254;  tools,  cmsheiB»  h^ 

85i;   CaUtenlM  wk^OkM  ot  ^iMlig,  «ki 

Chilian  method,  256. 
Ooniopagni  muiitr <<ar.  j^Mta  a  BS—wdtfl  9lMe» 

andpyge  the  nates),  agreensaadCBMB»  Mf, 
GraaHa  (Fr.  #r«N</,  «r  Lt^.  jT«MMMi«i.gndki)» 

veins  in,  49 ;  the  material  of  many  unstratifled 

igneoua«MlM,  60,  61 «  dtaiutagratoa,  !;•;  aoBs 

derived  fiwn,  193;    aasd  fiar   bcdldin^,  M8; 

Boeneiy  and  foimatloii  ei;  182 ;  woaUisriag  of, 

183;  vegetatioa  eo,  184;  vtahetj  xti  form,  ». ; 

mountainaof,  165. 
Gravel,  oonveywiee  of,  hjt  loe,  39;  «irtiiir  de. 

posits  of;  71 ;  ceapoaitkn  of;  185. 
Orsyneai  of  the  atmo«hera,  tiM  eflMt  a  {(hjiibal 

phenomenon,  187* 
Green  porphyry,  deeeriptioR  of,  61. 
Greensand  scenery,  deeeriptien  «£,  165. 
Oreensaad  seriee  (lower  and  npper),  efthoMOiad- 

axy  epooh,  71»  102,  IM;  dctvolAped  te 

parts  of  England,  IM. 
Greenstone  rock,  61. 
Grit,  millstoue,  63 ;  aoeneiy  o^  1«8. 
Qryph4Ba  arevafa  (Gr.  ^gr^pM  a 

•rcuaU  arched),  attM  faariO,  94,  «6. 
O,  columbm  <Lat»  ca/«w6«  a  pigeett),  n  gMen- 

sand  species,  107. 
V.  dileUata  (Lat.  dikUatm  expanied),  a  nMOe 

oolite  species,  96,  99. 
G.  virgula  (Lat.  virgula  a  jod),  aa  opptf 

oolite  iq[)ecies,  100. 
Gulf  Stream,  account  of  the,  16,  17« 
Gypsum,  beds  o^  hi  the  new  red  panditooe,  92( 

in  the  Paris  deposits,  117;  «Nd  la 

plaster,  216. 


HflBmatitic  conglomerates  fbond  at  the  base  of  tbe 

new  red  sandstone,  262. 
Hastings  sand,  of  the  WeaIdea«efflBa»71,  Ifi.ifl 
Haswell  coal-mine  acddeal^  MS. 
Heat  of  the  earth's  latsriaiv  «7.  28. 
Heatou  Main  Colliery,  iMmtfatloa  ia  the,  S48. 
HemicoamUe*  pffriformi*  t^r,  kemi  and  «M^ 

mioi  half-completed;  Lat.  "p>'re  ebap6d")»« 

Silurian  fossil,  73. 
Hills,  structural  pkenoiftens  m,  148 «  ohaiaote^ 

Isttcs  of,  186. 
Hippurite  (Gr.  MppM  a  horse,  and  vvrs  a  tsl)» 

a  cretaceous  fossil,  106, 109. 
Holland,  drainhig  of  the  fien  lands  of,  196. 
Holoptychu*  (Gr.  Ae/o«  the  whole,  andp^|r«a 

fold),  a  foesU  fl^,  85. 
Hornblende  rook^  62,  63. 
Hot  springs,  28. 
Hotohing,  esqilaiwtioa  of  the  «irm  la  dr«Bil«  Mrt 


ores,  286. 
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Hyilcca  {Qit,  hfl99  fi  ■■■fit), «  tptelM  of 

fbMil,  120. 
Hylnosanrus  (Or.  hyle  wood,  and    »auro»   a 

Bsard).  a  gigantic  foMlfael  Nftfto  «niM'Wiaid- 

««BibnMUioii.  Its. 

fAtff,  and  Xrrtnon,  like  a  llj  flofftr;   Lat. 
4eeeru9  griMAd),  aCfOarlaB  tall,  ?>* 


Ice,  efliBota  of.  on  the  mtkoe  oTtbe  eaith,  ^; 

oonTeyance  of  grarel  hy,  39. 
Icebergs,  number  of,  in  fhe  noftlieni  Atlantic,  S9. 
Iceland,  plijrslcal  phenomena  of,  3 ;  liotspflngs  oC 

28.  29 ;  Tolcaaoes  in,  SO. 
Ubtbjodondite  (Gr.  ickthut  a  lldi,  doru  a  lance, 

and  Hthot  a  stone),  a  ISTeooomlan  fbssIU  103, 

104. 
fdbfliyoaaams  (Or.  iehthm  a  flsli.  and  tauro*  a 

Szard),  account  of  the,  112 . 
Idria,  qnickallTer  mines  o^  270. 
IgnanCdon,  an  extinct  glganttcBzarfl  of  the  Weal- 
den  fbrmatlon,  101, 103;  fbedlteetbofthe.lOl. 
Igneous  rocks  (Lat.  igni»  fire),  consisting  of  gra- 
nite, syeulte,  poiflijiy, 

OBArtx,  &c..  49. 
Igneons  theory  offhe  fbnmitton  ofi 

271. 
Imftatlon  in  lanflsoape  xnOntlng  to  be  ttrleiUy 

soOTrate,  190. 
Ihdia,  tertlarr  depetfts  of,  119. 
InfhBorlai  animalcoles  (Lat.  f n/BrM  faxftaBed,  and 

animaleula  alittleinsect).  contiibateto  change 

tbe  physical  features  of  the  globe,  42. 
Irdand,  caitxRdferons  Umeetone  rocks  of,  155. 
Iron  ores,  aibnndanoe  of,  in  Itegland  and  Wales, 

260-262;  prindpal  locatttieswhenftmnd,  ib. 
Ironstone  oootttlned  in  coal,  235. 
Ironstones  of  the  Has  formation,  982 ;  in  tiie  Clyde 

district,  263. 
Islands,  physical  geognQ>hy  of,  SS,^;  Ibrms  of, 

23. 
IMe  of  Wight,  depodta  of  flie,  71,  1T7  ;  needle 

rocks  of  the,  145. 

J 
Jmnow  ooal-mine  accident,  242. 
Jigging  jBoaohine,  used  for  ttae  pnparattiB  «f  ores, 

S57. 
Jokited  etrocture  of  slate  rook,  57 . 
Jorallo.  in  Kexloo,  vokanic  erupttMi  of  the,  31 . 
Joxaaak  seriea,  <see  Ooi:.ixic  sedtf^ 


Kandal  Steig,  Switzerland,  view  at,  120,  146. 

Kcene's  rmmewt,  deierlptteQ  of,  216. 

KeOoway  reok«  a  vabdMsion  -of  fhe  nlMIe  ooStic 

series,  93. 
Kent's  Leavo,  near  Tceqwy,  vtow  of ,  146. 


KMkigworta  eoal-raiae  aeeidmt,  Ml . 
SImiMiligo  clay,  the  looal  naow  fifl««B  to 

4t/mm  ortfae  oeBtoioekB,  100. 
Knowledge,  useftil  to  the  arts  eflMi,  133. 
Koi^lgstein,  nuuBtate  of,  197* 
Konla.  volcano  of,  in  Asia  Minor,  181 


LabyrinthOdon  (Or.  labyr§nth»9  nMiyTMh,  and 
odonf  e«teeth),1b«lireiBaliiB  ofrarlon  fpeekt, 
92,^,108. 

Lagoon  islands,  lbnn«a  oTconi!  vodcs,  35. 

Lakes  and  Inland  seas,  physical goognplij'of,  19. 

Lancashire,  mineral  fields  of,  262. 

Lancaster  sands,  iflewof,  163. 

Land,  propeitten of, oa  llieoarth,  5:  distiflNrOoa 
nd  form  of,  19 ;  form  of,  on  the  earthlsnrfkoe, 
20 ;  condition  of,  in  Europe,  21 ;  change  of  level 
of,  33  ;  elevation  of  large  tracts  of,  83,  34 ;  ovi- 
dences  of  depression  of,  35, 36 ;  great  Changes 
of,  at  the  cartxMilferoas  period,  89;  animidsex- 
Mfaig  OB  It  during  -ftie  -seeoAdarfy  peried,  113  et 
aeq.:  of  fhe  older  tertfaxles,  122;  oftheiNnrer 
tertiaries,  124 ;  dndnage  of,  166. 

Landscape,  foreground  an  important  ftetaaela,  172. 

Landscape  painting,  dlffli  «id  rodcs  aooetsary  to, 
165 :  imitation  to  be  strictly  acoarate,  190. 

Landscape  scenery,  physiognomy  of,  148,  !49« 
alteration  of  rocks  as  affecting,  150,  151.  (see 

SCENEBT). 

Languedoc,  view  of  the  plains  of,  149. 

Lava,  of  volcanoes,  31 ;  of  vrtcanio  rodcs,  177. 

Lead  ore,  process  of  dressing,  285  ;  in  the  great 

mines  of  ABeoheads,  285» ;  raal  qoaflfllty  raised. 

286. 
Lehm  deposits  of  the  Khine  valley,  121 . 
Lepidodendron(Or.  lepit  a  scaOe,  and  dtmir9n  « 

tree),  of  the  carbonifersos  pertod,  88-;  flw  geo- 
logical coal  plant,  224. 
Leptaena  lepis  (Gr.  leptoa  minnte,  and  l€pi9  « 

scale),  fossil  of  the,  81. 
Levd  of  land,  physical  dntnge  of,  S3, 34. 
Lias  (Ger.  lay  era),  the  argOIaoeeas  hoeis  of  the 

oolite  range,  94  ;  the  lower  lias  shade,  if 5. 
Liasaic  amnuOs,  reMoration  of.  111 . 
Liassie  series  of  lira  weondafy  epoch,  71»  it; 

numerous  fossils  of  the,  91 ,  95,  96. 
Lifting,  operations  of,  in  mines,  984. 
Light,  natore  and  use  of,  1S4 ;  reflesloii,  nSnw- 

tion,  and  absorption  of,  135;  phonomena  efthe 

diffusion  of.   135 ;  mrtnral  and  artifloMl,  t^ ; 

effects  of,  on  rooks,  187. 
Lignite  depocAts  (Lat.  /tyrwrn  wood),1w  Ihe  umw 

greensand,  106. 121 ;  osei  as  fbel,  290. 
LiHenetein,  moontahiof,  167. 
Limestone,  ccrbonfflnoos,  153;  «  vastotntmn  of. 

in  Northumberland,  285n ;  tertiary  deposMa  -of, 

fn  Sicily,  71,  121 ;  deposits  of,  »t<EMagcii,  Ml; 

mountains  of,  on  Ihe  coast  of  Arcadia,  152. 
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limeiume  rockt,  74;  fbislls  of  the,  82,  83 ;  hard- 
neas,  form,  and  colour  of,  153     oolitio,  1&5 
carboniferoos  andcretaceoof,  166 ;  of oontinental 
Europe,  156>158. 

limestone  sceneiy,  characteristics  of,  151, 154  et 
»eq, 

limestones,  recent,  of  coral  islands,  160;  crystal" 
line,  162;  colour  and  regetation  of,  J6.  ;  used 
for  building,  207,  208. 

LimUlu*  rotundui  (Lat.  limulua  askew,  and 
rotundu*  round),  a  carboniferous  fossil,  84. 

Lincolnshire,  drainai^  of  the  fens  of,  196, 197. 

Lingula  Lowisii  (Lat.  lingula  a  little  tongue), 
a  SUurlan  fossU,  75. 

lithographic  limestones  of  Bararia,  71, 101. 

LituiUi  eornu  arielit  (Lat.  lituu*  a  curved 
trumpet,  and  Lat.  **a  ram's  horn**),  a  Silurian 
fossil,  73. 

Llanberris  slate  quarries,  211. 

Lochleyen,  aurora  borealis  at,  138. 

Lodes,  description  of,  278 ;  direction  and  magni- 
tude of,  in  mineral  beds,  266 ;  various  metliods 
adopted  for  the  discovery  of,  273,  274. 

Loess  deposits  of  the  Bhine  vaUey,  71, 121. 

London  clay,  71. 117. 

Lord's  dues  on  mining  operations,  275. 

Ludlow  group  of  rocks,  74. 

Lnrlel,  on  the  Bhine,  view  of  the,  175  > 


Machines  used  in  the  preparation  of  ores,  257, 
258. 

Macigno  rocks  of  Italian  geologists,  108. 

Magnetic  currents  (Lat.  magnet  the  loadstone), 
44. 

Malachite  (Gr.  maiaehe  mountain  green),  used 
for  decorative  building,  210. 

Manures,  mineral,  194. 

Marble  rocks,  162. 

Marbles,  the  various  kinds  of,  209. 

Marine  currents,  phenomena  of,  15;  their  course 
In  the  Atlantic,  16. 

Marl  deposits  of  OSningen,  121. 

Maristone,  a  variety  of  the  lias  depodt,  71,  96. 

Marsupial,  gigantic,  fbsslls  of  the,  found  in  Aus- 
tralia. 125. 

Martin's  cement,  216. 

Massachusetts,  erratic  boulders  in,  121. 

Mastfidon  (Or.  maato*  the  breast,  and  odou$  a 
tooth),  of  the  older  tertiaries,  123. 

Matter,  incessant  changes  of,  7. 

Megaliehthys(Or.  megalos  great,  and  ichthut  a 
flsh),  of  the  carboniferous  sea,  85. 

Megaloeaurus  (Or.  megalot,  and  iauros  a  liaard), 
a  gigantic  fossilized  reptile  of  the  Wealden  for- 
mation, 102. 

Megatherium  (Or.  megat  great,  and  therion  a 
beast),  of  the  newer  tertiaiiea,  126. 


Mendip  bUls,  limestone  rocks  of;  1  f^. 

Meso-colo  (Gr.  meto*  middle,  and  tooi  iile), 
117n. 

Metals,  distribution  of,  S67. 

Metamorphicrodk  (Gr.  meta  change,  and  norphe 
form),  47, 54;  twoUndaof,  57;  distribntion,  agt^ 
and  position  of,  58. 

Mica  schist  (Lat.  ffUeo  to  glitter,  and  Gr.  §ekistoa 
friable),  rooks  of,  55,  56. 

Millstone  grit,  of  the  carboniferoos  series,  71,  83; 
localities  where  found,  168. 

Mine,  meaning  of  the  word  hi  BrasO,  253». 

Mineral  fuel,  geology  of,  216. 

Mineral  manures,  194. 

Mineral  vehis,  geology  of  mining  in,  263;  filling 
of,  and  Intersecting,  267;  of  the  nature  of  As- 
sures, 268;  aqueous,  theory  of,  269;  theory  of 
sublimation  of,  269,  270;  where  found,  and  the 
various  methods  adopted  fbr  the  discovery  of, 
272  et  eeq.;  absence  of  any  universal  method, 
272. 

Mineralization  of  coal,  826. 

Minerals,  tsad  to  assume  definite  forma,  44. 

MINES  and  MINING,  application  of  geology  to. 
130;  boring  and  sinking  for  ooal,  236;  shaft 
shildng,  237;  stopping  out  water,  «6.;  varkNU 
plans  of  working,  238;  noziooa  gases,  239; 
flre^lamp,  240 ;  ventilation,  240, 242 ;  acddenta. 
242,  247,  248;  expedients  to  avoid  them,  243 
the  Davy  lamp^  245;  neoeaslty  of  legidatioa  iu 
coal-mining,  250  (see  OoAX.);  mining  in  strati- 
fied rocks  and  alluvia,  250;  mining  for  gold, 
251  et  teq.  (see  Gold);  variooa  implemeiU 
used  in  mining,  257,  258;  tin  streaming,  259 ; 
diamond  washing,  ib.\  account  of  iron  ors, 
260;  the  most  important  localities  for,  in  Eng- 
land and  Wales,  260-262;  treatment  of  otm 
263;  salt  works,  ib.;  geology  of,  in  mineral 
Trins,  ib,i  rakeydns,  264;  i^po  veins  and  flat 
vehis,  265;  direction  and  magnitude  of  lodei^ 
266;  filling  of  veins,  267;  intersecting  veins. 
ib,i  distribution  of  metals,  ib.\  gossans,  268; 
difiiarent  theories  respecting  mineral  veins,  209- 
272 ;  methods  adopteia  for  the  diaoovery  of  miaeral 

,  veins,  272;  ooiteaning,273;  ahodiug,t6.;  oper- 
ations of,  275;  lord's  dues,  ib,;  tnt-worlc,  96; 
operations  In,  278;  drifts  and  winzes,  ib.; 
shafts,  <6.;  adit  level,  279;  setting  pitches,  <A.; 
dressing  the  ore,  281 ;  underground  work,  282; 
miner's  wages,  283;  drainage,  ib,;  lifting  and 
blasting,  284 ;  great  depths  of  ndnee  in  Conwall. 
ib.;  ticketing  days,  285;  lead-ore  dressbg,  ih.; 
practical  uses  of  geology  in  mining,  286  et  teq. 
(see  Gmloot). 

Miocene  (Gr.  melon  hm,  and  kainot  new),  a 
term  applied  to  the  mlfldte  fixrmatlon  of  the  ter- 
-tiaxy  epoch,  116fi. 

Mirage,  atmoqdkflde  fOatkotk  of  the,  135, 1S6. 
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Mississippi,  its  vast  magnltade,  18. 

Missouri,  its  great  extent,  18. 

Molasse  of  Svrltzerland,  a  deposit  of  the  middle 
tertiary  period,  71,  117. 119. 

Monte  NuoYo,  in  Kaplei,  formed  by  a  yoleaalo 
eruption,  31. 

Monte  Bossi,  formed  by  the  rolcanio  eraption  of 
Etna,  31. 

Mountain  chains,  physical  geography  of,  24,  25; 
table-lands,  plains,  andyalleyiof,  25;  geological 
system  of,  147. 

Moontains,  different  forms  of,  24;  physical  cha- 
racteristics of,  25;  orLUIenstef n  and  Konigstein, 
167;  of  granite,  185;  characteristics  of,  186. 

Mad,  subterranean  eruptions  of,  29 ;  tertiary  de- 
posits of,  in  cavems,  71 . 

Mueseler  lamp,  for  use  in  coal  mines,  245. 

Moschelkalk  (Qer.  *'sheU-Ume8tone*'),  its  geolo- 
gical formation,  71|  91. 

MylMon  (Gr.  myloi  a  grinder,  and  odontea 
teeth),  of  the  tertiary  fbrmation,  125. 

Myophorla  (Or.  myot  a  muscle,  and  phero  to 
bear),  a  red  sandstone  fossil,  92. 

M.  lineata  (6r.  tnyo»t  and  pAero  to  bear),  a 
red  sandstone  species,  93. 


Natm«l  history,  on  the  general  study  of,  131 . 
Natural  sciences,  adyantage  of  the  study  of  the,  5. 
Nature,  on  the  study  of,  42  et  teq. ;  the  languid 

of,  expressed  by  fossils.  65;  the  study  of.  as  it 

exists.  66. 
Nautilus  Danieut  (Lat.  nauta  a  sailor,  and 

Danieua  of  Denmark),  a  cretaceous  fossil,  106. 

109. 
iY.  Koninekii,  a  carbonUbroas  species,  84. 
Needles,  Isle  of  Wight,  23,  24, 145,  157. 
Neocomian  deposits   (Lat.  Jfeoeomum),  of  the 

secondary  epoch,  7\,  102;  fossils  of  the,  103, 

104. 
Nerettes  Cambrenaia  (Ger.  nerita  a  shell-fish). 

fbssil  of  the  palaeozoic  epoch,  72. 
Newcastle  method  of  working  coal,  238. 
Nile,  lU  fertilizing  soil  and  constituent  elements, 

193. 
Nimbus  clouds,  141. 
Northern  hemisphere,  physical  phenomena  of  the, 

3. 
Northumberland,  yast  mineral  fields  of,  261. 
Norway,  geological  elevations  of  the  coast  of,  35 
Nottingham  castle,  scenery  of.  165;  caverns  at, 

166. 
Nummulites  (Lat.  nummua  money,  and  lithot  a 

stone),  a  lower  tertiary  fosaU.  71. 117, 118 


Obi,  the  river,  ito 


If. 


Ocean,  Silurian,  primaeval  state  of  the,  78 ;  phyil- 
cal  distribution  of  Its  waters,  13;  its  varions 
divisions,  14;  the  Pacific,  the  Atlantic,  and  the 
Indian  oceans,  ib.\  its  general  depth,  ib . 

CEningen,  marl  ahd  limestone  deposits  of,  121. 

Oolitic  series  (Or.  oon  an  egg,  and  lithoa  a  stone), 
of  the  secondary  epoch,  96  et  acq. ;  upper,  mid- 
dle, and  lower,  97;  groups  of  fossils,  97-100. 

Oolitic  limestone  rocks  of  England,  155,  156. 

Opossum,  oolite  fossil  Jaw  of  the,  97. 

OphlolTte  rock  (Or.  ophia  a  serpent),  52. 

Ore,  varions  implements  used  for  crushing,  sifting, 
&c.,  257,  258;  preparation  and  treatment  of. 
263;  the  different  vehis  of,  263-267;  direction 
and  magnitude  of  lodes,  266;  various  methods 
adopted  for  discovering  the  presence  of,  272  et 
aeq. ;  dressing  the,  281 ;  ticketing  days  for  tlie 
sale  of,  285 ;  process  of  dresshig  lead  ore,  ib. 

Organic  beings,  fossilization  of,  60 ;  geological  dia- 
tribntionor;61,  67. 

Orthis  rustica  (Gr.  orthoa  straight),  a  Silurian 
foesQ.  75. 

Orthocer&lite  (Gr.  orthoa  straight,  and  keraa  a 
horn),  a  carboniferous  fossil,  84. 

Oatrea  Marahii  (Gr.  oatreon  a  shell),  a  middle 
ooUtefossU,  98,  99. 

Otddua  obllquua  (Gr.  otoa  of  the  ear.  and 
od Ottf  a  tooth ;  Lat.  obliquua  oblique),  a  tor- 
tiaiyfossU,  118. 

Oxford  clay,  a  variety  of  the  middle  oolite  series, 
71,  98. 

Oxj^gen  (Gr.  osya  add,  and  gennao  to  engender), 
its  universal  presence  hi  nature^  7, 


Painting,  art  of,  dependent  on  sdentiflc  know- 
ledge, 133. 

Palseotheriom  (Qupalaioa  ancient,  and  therion 
a  wUd  beast),  an  extinct  genus  of  the  older  ter- 
tiaries,  123. 

Palaeozoic  epoch  in  geology  (Gr.  palaioa,  and 
Mooa  life),  different  formations  and  fossils  of  the, 
71,  72,  81 ;  recapitoUtory  remarks  on  the,  90. 

Palmer's  Cairn,  Lndlow,  view  of,  157, 159. 

Palmyra,  view  of  the  ruins  of,  143. 

Paradosidea  apinulOaua  (Or.  paradoxia  mar- 
veUonsness;  Lat.  apinoaua  thorny),  fossil  of 
the  palaeozoic  epoch,  72. 

Parhelia,  phenomena  of,  139, 140. 

Parian  cement,  216. 

Paris  basin,  deposits  of  the,  71. 117. 

Parker's  cement,  215. 

Parnassus,  Mount,  spring  of  water  on,  159. 

Parrot,  a  coarser  variety  of  cannel  coal,  2S8. 

Peak  of  Derbyshire,  Its  monntain  aoeneiy,  154.  * 

Peat  used  as  fhel,  219,  220. 

Peat-bogs,  strata  of,  71. 

Paettn  (Lat.  pecten  a  comb),  allM  fbeaa,  95«  M. 


\ 


566 


UIDltX* 


P*  fumdrieo9Uiu»  (Lat. "  aliMr-xibtaaeeiiil/'^ 

aVeocoi^Mi  IbaiU,  108.  1«4. 
PMrhjuakM^qiiany,  211. 
Pentacriuut  {JQg.ptnU  &T«»MidA(rijM>n*IUy), 

a  U«  foMil,  96. 
P,fm*cieul9»H»  (Or.  |ir»<tf  flTe,  and  krinon  a 

my;  L»t.faseiculut  a  bundle),  a  foMU  of  the 

seooadary  pciiod,  no.  111. 
Pentamirut  KnightU{Qr,  pent*  and  m«r«« 

divided  into  At*  parts),  a  Silniiaa  UmiX.  7&. 
Pepandajang,  a  momitatn  in  Jara  awallowad  op 

bj  a  Tolcano,  31. 
Pareb,fMiU,IO. 
Fuinba  ■erie»(80  ealled  flrom  the  andent  kingdom 

of  Perm  in  BoMia),  rocks  and  fostdia  of  tbu,  90. 
Ftnpacd^,  aerial,  141. 

PetilflKtiooa,  a  name  formerlf  glroo  to  fiMsUa,  60. 
Petworth  marbla,  IM. 
PhlloMphjr  (Or.  phUo*  and  eophoi  tlio  loreof 

wisdom),  province  and  objects  of,  5. 
Phoro*   eanalieulatu*  (Or.  pkoroe  btarliif ; 

Lat.  canaliculatus  clianncllud;,  a  aretaaaood 

foMdl,  10». 
Phjfsa  eolumnaris  (Or.  pkpea  a  bladder,  and 

eolumnari*  pUlar-shaped>,  a  loweff  tartiao^ 

fossU,  117.  118. 

PHYSICAL  QEOOBAPHY  (Or.  phptik^s  na- 
tural ;  ge  and  graphe  a  description  of  the  earth 
or  of  land),  geoecal  treatise  oa,  8  ei  *tq. ;  con- 
diii<m  of  the  earth's  siirflsco,  2,  3;  the  Tarioos 
aabjects  It  embtaees,  4;  its  connaxion  with  ge- 
ology, ib.'y  dlstribotionofland.  b\  laatwrials  of 
which  the  earth  is  formed,  ib. ;  elementary  sab- 
stances,  and  the  forces  actln;;  on  them,  6;  map 
of  the  world,  ib.\  inceasant  cliango  of  material 
obieets,  7;  coostitatioa  of  the  atmoaphare,  8; 
OSes  of  the  atmosphere,  9 ;  and  the  disngea  of 
Its  eonditloa,  10;  periodic  winda,  11 ;  rata  and 
mow,  12;  distribution  of  water,  13;  tho  eeean 
and  its  divisions,  14;  tides  and  waves.  15 ;  Marine 
carrants,  16;  ciroulaUoo  of  water  on  tba  globe, 
17;  ckMids  and  rain.  ib,\  riven  and  river  sys- 
tams,  18;  lakes  and  inland  seas,  19;  distribution 
and  f<Mtn  of  land,  t'A. ;  continents,  21 ;  klanda, 
22,23;  action  of  air  and  water  on  exposed  coaaU* 
34;  mountain  chains,  ib.\  taUe-laada,  plaina, 
and  yallflTS,  3&;  oonditioms  ofcUinate, and  influ- 
ence on  dviiiaation,  27 ;  interior  heat  of  the 
earth,  27,  28;  hot  sfuhiga.  88;  voloanoes,  29; 
earthquakes,  31,  32;  changes  of  level  land,  33; 
long  duration  of  geologioal  epochs,  34 ;  depra»> 

.  sion  of  laud,  35;  coral  rocks»  i6.;  aqueous  ac- 
tion, 37;  glaciera  and  icebergs,  38. 30;  action  of 
the  sea,  49 ;  organie  inflnanoe,  41 ;  recapitol*- 
tica  of  tlie  subieot,  42-44  (see  6koi.uot.) 

Picturesqueness,  geologiaal  age  no  guide  to,  158, 
159. 

I^  vtios  in  oiiteg,  a6& 


'    Pisoiiuc  iron  ores  (jriran  *fsn» and  Utko*  « stone), 
I       found  in  N.  Wales.  3ff . 
Pitcbas,  settias.  inniiMa,  279.  280. 
Piacoid  fi»h  (Or.  |>/ajr  a  hcead  pl«tfe»  and  tidiot 

rsMKnUaBoe).  a.  fossil.  79. 8». 
Plagiost5ma  (Gr.  plagios  oblique,  and  af  oma  a 

mouth),  Acretaoeoos  fiassU.  106,  109. 
rUuns,  on  the  summits  of  moimtains,  25;  duuois- 

terlstic  soeacry  o<;  146;  pecnli«ritiaa  oC  dajF 

varied  in,  173. 
Plants  or  the  secondary  epoch,  92, 119. 
Plaster  of  Fsris,  \U  ossiposirion  and  nse,  216. 
Plastic  mstiwisls.  213  et  «ef . 
Plateaux  of  mooutains  (Fr.  plmieau  a  plnki)»  26. 
Plesiosaumft,  the,  111.  IIX  113. 
Plesiosaiirus  doliehodeirut  (Gr.  pleaios  natr 

to,  and  s»ura  aUxard;  doiieJkos  long*  and  dnM 

a  neck),  rcatoied  fi»m  of  tbe»  95,  96. 
Pleurotomaria  Santonensie  (Qr.  pUurtm  tiie 

side,  and  temno  to  eat),  a  cxelaoeooa  fiMsQ»l09. 
Pliocene  (Or,  pi ei»»  nun,  and  kaina*  naw)wa 

term  sMdiedto  tba  npoer  tonnatiMi  of  the  Urn- 

tiary  epoch,  116  note, 
PUosaoras,  the.  113. 
Plunger,  the  name  of  tha  pomp  ued  ia  ndaingt 

284. 
Pollsteno,  effects  of  an  earthqaake  at,  32. 
Polyp  (Gr.  poly  and  podes  numy  feet),  oona 

islands  built  by  the,  41. 
Porcelaia  clay,  geology  of,  213,  214. 
Porphyry  (Or.  porphi/ra  ivqia  ooloar)»  nttOM 

of,  48. 
Porphyritic  rocks.  61. 

Portland  cement,  made  from  carbo— te  of  Jbm,  fji^ 
Portland  limestonas, «  Tsrialar  of  tJh*  ooUto  seriis, 

71. 100. 
Porthmd  stone  nsed  fbr  bnilding,  207*  206. 
Productus  korriitf  (Lat.  "a  bonibls  podae- 

tion"),  a  Permian  fossil,  90. 
Protogina  finrm  of  roek  (Oc.  proton  flnt,  and 

gennao  to  generate),  50. 
Pteriakikps  fossils  (Or.  pterym  a  wiog,  snd 

eidot  resemblaaae),  group  of,  80,  81. 
P.  cornUtue  (Qv,pterpjt  and  icAihus  a  winged 

fish ;  Lat.  eorntif  iM  bomed).  a  Sevooian  fosiO, 

81. 
Pterodactyl  (Gr.  pteron  a  wing,  and  daetyloe  a 

finger),a  gigantic  fossillMd  regtBeof  tha  VeaM» 

formation.  102;  representallan  of  the.  114. 
PteropAda  (Gr.pfsros  wlnsBd,  and  pode*  tetX 

fomOyoftbe.  119. 
Pumps  nsed  hi  minea,  283, 284. 
Purbeck  beds  of  the  Wcalden  aesfce,  71, 101»  lOf. 
Pyrites  contained  in  coal,  235. 


Qoadersaudstein  deposits,  106. 
Quadrupeds,  of  the  tertis^r  epoch,  117,  119;  oftlie 
older  and  newer  tertJaries,  123, 124. 
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Qoartz-rock.  formatioa  and  vmmy  04 169, 
QQickaUver  mines  of  Idila,  270« 


Rain,  pheiioixMQA  of,  1»»  17;  Armfttlmi  of,  17; 

average  fall  of»  19»;  dirtritatioo  of.  208. 
Rain-clouds,  141;  coalentiof«ho,  196. 
Rain-drops,  fossilized,  61» 
Bake  veins  in  mining,  364. 
Bed  marl  of  England,  19S. 
Red-sandstone,  great  variety  of,  170, 171. 
Red-sandatono  period  of  tiM  earth'f  unfMe,  78; 
fbssila  of  the,  81 ;  geeciidarr  epoch  of  11m,  M-St; 
tit  foBsIl  plants  and  anteala,  M,  94i. 
Reeft  of  coral,  formatkn  of,  3ft. 
Reflexion  of  light,  134, 13S, 
Refraction  of  light,  134,  135. 
Regnr.  the  cotton  soil  of  India,  deposits  of  tho^ 
ISl;  its  ftrtUlaing  properties  and  constltneBfe 
alenMnts,  193. 
Reptiles  of  the  Mas  fbraatleB,  M,  98;  o#  the  twc- 

tUuy  period.  117. 
Rhombus  (Or.  rhomk—  a  ftur-sided  4s«re),  a 

fiMBsnoftheloMrertertlarles,  117,  118. 
Shone,  glader  of  the,  39. 
Rivers,  origin  and  coarse  of,  17;  pkeaeneiMi  tad 
systems  of,  18;  the  great  rivws  and  rtrer  sys- 
tems of  America,  Europe,  Alkiea,  and  Asia,  ib,^ 
rapids  and  falls  of,  26;  Immense  dq;M)eits  of,  37, 
38. 
Road-maklng  and  materials,  geology  of.  212, 213. 

ROCKS,  the  definite  forms  of,  44^  naturo  o^  47; 
their  form  and  method  of  aggregattoa,  47;  tflM 
aQueous,  the  igneooa,  and  the  oMtamoiyhlOk  ih»  % 
their  different  names, — porphyry,  conglomemtes, 
amygdaloid,  &e.,  48;  their  stnKtnre,  ift. ;  poal- 
tion  of  unstratlflodrMks,  t*. ;  igneotit  roalto,  40 ; 
granite,  49-51 ;  porphyry,  fil ;  greonsteno,  M. ; 
serpentine,   52;    diallage  rock,  ik,\   traehjUe 
rodcs,   ib,\    basaltic,   &3;   metamorphle,   54; 
gneiss,  and  miea  sehist,  56, 56;  clay  siatt^  56; 
claavage  and  jokitsd  stmotnre,  67 ;  dlstrfiiittioa 
of  metanMurphlo  rodcs,  68;  aqueooa  rockm  ib.  \ 
arrangement  of  aqueous  rocks,  59;  fiisrila  edst- 
lav  in,  69,  60 ;  general  dbtribntion  of  fbesils, 
61  €t  tef.i  etasslfloation  of  stratiAed  rooks,  70, 
71 ;  Silurian  rocks  nnd  fossils,  72,  74;    of  the 
carboniferous  period,  82;  lias  rocks,  94;  oolltio 
■erle»  of,  96  et  Meq. ;  Wealdoi  series  of,  lai ; 
lower  greensand  series  of,  102 ;  ui9>er«retaoeoas 
•sriM  of,  146 ;  g«Qeral  review  of  the  secondary 
period  of,  108  et  »eq. ;  of  the  lower  tertiary  pe- 
riod. 117;  of  the  ralddla  tertiary  period,  Uy ; 
upper  tertiary  rocks,  120 ;  newer  tertiary,  121 ; 
sandy  deposits,  #4.;  amCioUoeks  In Hassaehu- 
setts,  ib. ;  form  of  the  earth  derived  firom  the 
great  mass  of  nutoiytng  rocka,  143;  tbaKeedle 
rocks.  Isle  of  Wight,  146;     aried  eompotUloB 


of,  ib.;  arrancemem  oI;M6;  poailka  o4  htg; 
moontaln  chains  of.  «&,;  alimratiois  of,  IMH 
llmesteiie  rook.  162<-162;  pecniarillM  oT  Mud 
rocks,  163;  erosion  of  sand  rocks,  165;  tlN.Li- 
lioiMMn  and  the  Kooigstein,  l«7t  cC  dM^BMft 
paits  of  Soiope.  Ift.;  ba«d  sands.  o«tl«a  QMrta(^ 
aiiSHWMnx^s,  168)  qnajrtwMok,  lS%i  loisMd- 
■toBOb  174;  Batai»  of  clay  reeks,  ISfl  9  otaga  or 
the  seoQodaxy  vaelHi,  173;  alales  ast -wileiies 
of  clay  rocks,  174;  argillaceous  schlste.  US; 
crystalline  and  igneous  xoch,  Vf7i  'v^eaite 
rooks,  lavm,  and  basalt,  t'5. ;  bsMtt,  181 ;  grsorita 
rock,  182;  weathering  of  granite,  183^  vegaka- 
tlon  of  granito.  185;  graval  and  bonldem,  Ift. ; 
olianMlerlstk)sofhiUa86;  aotkn  of  water  and 
eflfectaoflighton.  187;  weathering  ofroekSk^. ; 
derivation  of  soitofrom,  l»4;  water  coBtente  of 
various  rocks,  200;  materials  and  bolkllBg stones 
of,  204;  sandstones  206;  ooUticlimestesMS,  907; 
granites,  208,  909;  martde^  datoa,  fto.,  968 
et  teq. ;  stratified,  ndnlng  In,  951 ;  stratlAad, 
mineral  veins  of,  269,  270.     0 

Roe-stone,  the  provincial  name  for^olila,  96. 

Roman  cement,  215. 

Bndiste«,  fossU  family  of  the,  166. 


B 

Safe^  lamp  (see  Davt  Law), 

Satooa»  IbsaU  remains  of  thf.  SO 

Salt  mines,  notioa  of.  3«3.  , 

Sand.  deposlM  of,  121;  ii)d«r»t*m  of.  m»  190; 

contains  water  in  large  quaiMki^.  90^ 
Sand  sosk,  |wciU]aritic#  o&  169k  I681  frniioi».iir 

165;  passes  into  quartzite,  169, 
Sand  soils,  various  kted»of,  I9i. 
Sanda  of  I^ondon  as4  Hampshijrei,  71, 117;  AM»^ 

ciated  with  diffis,  163, 164;  soft  and  modomtflily 

hard.  164;  of  Uie  SaxM  SwJiUSiUklid^  166};  of 

the  eai<honIf^ronB  roekSk  168. 
Sandstone,  red,  fossil  impressions  in*^,  61)  $j$^ 

sils  of  the,  81 ;  groat  variety  c<;  170,  174i  WiO 

Sot  bttiikUog.  306  (sea  Bs9  SAiijMito»i>< 
Sandstone  rocks,  waterfalls  abound  in,  171* 
Sandstone  soenery  of  2ifo*ttegfaaj||  oastle.  165. 
Sandstone  series  of  the  secondary  epoch,  102. 
Saxon  Switzerland,  geological  fegtvea  oCi  lOOn 
Scaglia  rocks  of  Italian  goologistt,  100* 
Scandhiavia,  moantains  of;  94f 
Scenery,  different  kinds  of,  associate  with;  phi** 

sical  or  geological  oanses,  149  tt  teq,;  oooJiirMilg 

of,  143;   of  Syria,  t^.;  of  Switwriimd,  144; 

peouliar  features  of  landscape  sotfiei?*  148, 148 ; 

resulting  firom  rocks  and  limestone  fonmtttons, 

150, 161,l&4«/«0g. 
Schist  (ar.  9ehi»to9  friaUe),  yooM  of.  56.  66, 
Solenoa,  the  province  and  ol^leots  oC  5 1  deptod* 

enceofarton,  132. 
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Sdeooes,  geology  aoeesMrj  to  the,  130. 
Seutella  tubrotunda  (Lat.  Mcutella  a  dish  or 

little  shield,  and  tubrotunda  rounded  beneath), 

tertiaxy  foeeils.  120. 
Sea.  proportion  of,  on  the  earth.  5;  phyrieal  ac- 
tion of  the,  40;  condition  of  the  carbonlferons 

lea  during  the  palao«^c  epoch,  85 ;  shells  and 

fishes  of  the,  86;  of  the  secondary  period,  112 

et  *eq.;  of  the  older  terUaries,  122;  of  the  newer 

tertiaries,  124. 
Seamcldn,  an  oolitic  fossil,  97. 
Seams  of  coal  recognised  at  the  earth's  surface, 

235,236. 
Seas,  inland,  physical  geography  of,  19. 
Secondary  epoch  in  geology,  different  formations  of 

the,  71 .  91-108;  general  view  of  the,  108-116. 
Seooodaxy  rocks,  clays  of  the,  173. 
Serpentine  rock,  52;  amaterial  used  for  deoorative 

building,  210. 
Setting  pitches  in  ndnes,  279,  280 
Shaft-staikhig  for  coal,  237. 
Shafts  hi  mines,  918. 
Shale  rocks,  74. 
Sham  doors  in  coal  mines,  244. 
Shanklin  Chine,  Isle  of  Wight,  rocks  of«  167  ; 

wateriaUof,  171. 
Sharks,  foesO.  86,  79. 80 ;  fossU  teeth  of,  119,  120. 
Shell  doors  in  coal  mines,  244. 
Shell  maris,  tertiary  deposits  of,  71. 
SheUs  buried  in  mud  under  water,  60 ;  of  the  car- 

boniferona  period,  86 ;  various  groups  of  fossils. 

81,84.93.  95,  99,  100.  101.  103,  105,  107,  109, 

118,  120;  bivalre  and  nniralre  fossils.  92;  of 

the  liassic  series,  94. 
Shoding.  the  method  adopted  for  discoTering  a 

mineral  lode,  273.  274. 
Shropshire,  vast  mineral  Adds  of,  260. 
Siberia,  steppes  of,  25;  frozen  bones  of  tropical 

ytrfmiJa  found  in.  64. 
Sicily,  subtexranean  eruptions  in,  29 ;  limestone 

dqKWIts  of,  71. 121 ;  atmospheric  iUurion  on  the 

coast  oi,  136. 
SigOlaiia  (Lat.  sigillum  a  seal),  a  fossU  tree  of 

the  carfooniferooa  period,  89;  the  geological  coal 

plant,  223. 
SUIca  sand,  its  universal  diffusion  over  the  earth, 

163. 
Silldoas  soils,  193. 
Silurian  fossils,  72. 73, 75. 77. 
SSlnxlan  ocean,  primsval  state  of  the,  78. 
SQurian  rocks,  lower,  72 ;  upper,  74. 
saurian  trilobite,  ancient  species  of  the,  69. 
Aphonia  pyiiform  (Gr.  siphon  a  tube,  and  Lat 
pyriforndM  pyre-shi^>ed),  greensand  fossU  of 
the,  107. 
Skeleton,  adaptation  in  every  part  of  the.  64. 
Sklddaw,  a  slate  mountain,  \'iew  of,  174.  175. 

Slabs,   axgillaoeoas  rocks  in   a  state  of  partial 
crystollizaUon,  210,  211. 


Slate,  a metamorpfale  rock,  56;  cleavage oC  57;  a 
variety  of  clay  rock.  174 ;  a  mineral  identJcsl 
with  clay.  ib.\  its  peculiar  characteristics,  ib.\ 
geological  dates  of;  174,  175;  argillaoeous  rock 
in  a  state  of  partial  crystallization,  210,  21 1. 

Slate  quarries  of  Great  Britain,  211. 

Slate  sceneiy,  pecuharitiea  of,  176. 

Snow,  phenomena  of,  12. 

Soils,  nature  and  origin  of,  191 ;  influence  of  dimate 
on,  ib.\  aUuvial,  192;  fertility  and  composition 
of,  193,194. 

Spars  used  for  ornamental  vases,  &c.,  210. 

Sjpatangu*  eor-anguinum  (Gr.  tpatango*  a 
sea-urchin ;  Lat.  eor  the  heart,  and  anguinum 
narrow),  a  cretaceous  fossil.  105. 

Species,  successive  developmeiit  d,  in  geology, 
69. 

^>ecton  clay,  on  the  Yorkshire  coast,  &c.,  104. 

Sphterulitet  ventrieOta  (Qr.sphaira  a  sphcxe, 
and  lithot  a  stone;  I<at.  ventricota  taig- 
bellied),  a  Neocomian  fbssU.  103. 104. 

Sphenophyllum  dentatum  (Gr.  spAen  a  wedge, 
and  phyllum  a  leaf;  Lat.  dentatum  tooth- 
formed),  a  fossil  of  the  carboniferooa  series,  83. 

Spiri/er  (Lat.  spiro  to  breathe,  and  fero  to 
bear),aliaMicfoasU,  96. 

S,  fFalcotU  a  species  of  liasaie  foasU,  95. 

S.  hytterieu*  (Gr.  hyttera  the  womb),  a  fiMsD 
of  the  carboniferous  period,  84. 

Splint  coal,  a  coarser  varied  of  cannel  coal,  228 
etn. 

Splitting  the  air,  a  process  for  ventilating  coal 
mines,  243. 

Spring  of  water  on  Mount  Panuumxs,  159. 

Springs,  phenomena  of,  17;  hot,  28;  hitermittenl, 
201. 

Staflbrdshire,  vast  mineral  Adds  of,  260, 361. 
Stamping  mills  used  in  mining,  257> 

Star-fishes,  foesU  renudns  of,  92. 
Steam  coal,  229. 

Stelliapongia  (Lat.  atella  a  star,  and  spongia 

a  qMoge),  a  sandstone  fossil,  92. 
8.  variability  a  species  of  sandstone  fossU,  93. 
Sligmaria  (Lat.  ttigma  a  mark),  the  geologicil 

coal  plant.  224. 
S    Fieoidet  (Lat.  Jleut  a  fig,  and  Gr.  eidos 
resemblance),  fossil  spedes  of  the  csrbonlftroas 


Stiper  sUmes.  in  Shropshire,  169, 170. 

Stones,  artificial.  213, 216;  for  building,  204, 205; 

Brard's  method  of  testing,  20S. 
Stonesfleld  slate,  a  variety  of  the  ocdite  foimatkio, 

71.97. 
Stopphigs,  for  preventing  ezplosicns  in  coal  miusi. 

244. 
Stratified  rocks,  dawlflraHon  of.  70;  table  of,  71 

mining  in,  251. 
Stractnre,  importance  of  studying,  151. 
Sub-Appennine  beds,  71»  117> 
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Sublimation,  theory  of,  in  the  production  of  mineral 

veins,  269,  270. 
Sussex  marble,  102. 
Switzerland,  physical  phenomena  of,  3;  scenery 

of,  143. 
Syenite  rock  (ftom  Syene,  a  city  of  Egypt),  50. 


Table-lands  of  mountains,  25. 

Tchomozem,  fertilizing  soil  of  the,  and  its  consti- 
tuent elements,  193. 

Tchomozem  deposits  of  the  Caspian  Sea,  121. 

Teeth  of  the  shark,  fossilized,  120. 

Toleosauras  (Gr.  teleios  perfect,  and  sauro*  a 
lizard),  112. 

Temperature  of  different  countries,  26;  of  the 
earth's  interior,  28. 

Terebrat&la  sulcata  (Lat.  ^ere^ro  to  bore,  and 
sulcata  furrowed),  a Neocomian  fossil,  103, 104. 

T.  digdna  (Gr.  digona  double-angled),  a  species 
of  cretaceous  fossil,  105. 

Tertiary  epoch  in  geology  (Lat.  tertius  the  third), 
different  formations  of  the,  71,  116;  the  terms 
Eocene,  Miocene,  and  Pliocene  given  to  the 
lower,  middle,  and  upper  formations,  116  note  ; 
lowdr  tertiary,  117;  middle  tertiary,  119;  upper 
tertlaiy,  120 ;  various  deposits  and  fossils  of  the, 
117.  118,  120,  121  outline  of  tertiary  scenes, 
122  et  seq. 

TotragonolSpis  (Gr.  tetra  four,  gonia  an  angle, 
and  lepis  a  scale),  restored  form  of  the,  95,  96. 

Textularia  (Lat.  test  us  woven),  a  middle  tertiary 
fossU,  119,  120. 

Thebes,  view  of  the  plains  of,  and  its  muddy 
detritus,  172,  173. 

Thetis  Itevigata  (Gr.  Thetis,  and  Lat.  lavi' 
gat  a  smoothed  down),  a  fossil  shell  of  the 
Keocomlan  series,  104,  105. 

Ticketing  days,  for  the  sale  of  ores,  285. 

Tidal  action  on  a  coast,  41. 

Tides,  physical  causes  and  agencies  of,  15. 

Tilestone  rocks,  74. 

TUgatebeds  ofthe  Wealden  series,  102;  remark- 
able reptilian  fossils  ofthe,  102. 

Till,  deposits  of,  121. 

nn  streaming,  the  mining  operation  of,  269. 

Tortoise,  immense  fossil  of  the  newer  tertiary, 
124,  125. 

Towns,  water  supply  for,  199,  2ul. 

Trachytic  rocks  (Gr.  trachys  rong^),  52. 

'I'rade-winds,  11. 

Trap  rodLS  (Dan.  trappe  a  stair  or  step),  54. 

Trees  ofthe  carboniferous  period,  88,  89. 

Triassic  limpet  (Gr.  trias  three),  the  fossU,  93. 

Trlaaslc  series  ofthe  secondary  epoch,  71,  91. 

Trigonia  alteformis  (Or.  treis  three,  and 
gonia  an  an^^;  Lat.  ala  a  wing,  and  forma 
shape),  aNeocomianfbssU,  103. 


T.  gibbOsa  (Lat.  gibbosa   crook-backed),   an 

ooUtic  fossil,  100. 
T.  scabra  (Gr.  trigonia  trlangled,  and  Lat. 

scabra  rough),  a  cretaceous  fossil,  106,  109. 
TrilobUes  (Gr.  treis  three,  and  lobos  a  lobe), 

ancient  species  of.  69 ;  fossilized  72,  73 ;  groups 

of,  74,  75. 
Trout,  taU  of  the,  80. 
Truth,  importance  of,  in  works  of  genius,  188, 

189. 
Tubbhig,  method  of,  in  coal  mines,  237. 
Turbo  subcostatus  (Lat.  turbo  a  top,  and  »ub- 

costatus  ribbed  beneath),  a  red  sandstone  fossU, 

81. 
Turrllite  (Lat.  turris  a  tower,  and  lithos  a  stone) , 

agaultfossU,  104, 105. 
Tnt-work  for  mining  operations,  276, 277. 


Undercliff,  Isle  of  Wight,  geological  features  of 

the,  164. 
XTndergroand  work  in  mines,  282. 
Unio  fFaldensis  (Lat.  unio  the  onion  pearl),  a 

Wealden  fossil,  101 


Valleys,  physical  characteristics  of,  25. 

Yegetation,  coal  formations  produced  from,  87;  of 
calcareous  rocks,  162;  scanty  on  the  red  sand- 
stone and  quartz  rock,  171 ;  on  granite  rock, 
184;  some  curious  results  of,  188. 

Veins,  mineral,  263, 264 ;  rake  veins,  264 ;  pipe  and 
flat  veins,  S65;  filling  of,  and  intersecting,  267 ; 
aqueous  theory  of,  269;  igneous  theory,  271; 
electrical  theory,  ib,  (see  Mineral  Vkins). 

Ventilation,  necessity  for,  in  coal  mines,  240,  242; 
various  methods  of,  243, 244. 

Vienna,  tertiary  deposits  of,  71. 

Volcanic  scenery,  peculiarities  of,  177. 

Volcanoes  (Ital.  from  Vulcan),  physical  charac- 
teristics of,  29,  30;  range  of,  in  different  parts 
of  the  world,  30 ;  violent  eruptions  of,  30,  31 ; 
lava  of.  31 ;  eruption  of  Jorullo,  in  Mexico,  ib, ; 
ofCotapaxi,  Mounts  Etna,  Vesuvius,  and  Eg- 
mont.  Iceland,  &c.,  178,  179;  extinct,  pic- 
turesque objects,  178 ;  many  in  Asia  Minor,  &c., 
180,  181. 


Wages  of  miners,  283. 

Wales,  vast  mineral  fields  of,  260. 

Wallsend  colliery,  number  of  safety  lamps  in  the, 

245 ;  orders  respecting,  246. 
Warphag  of  land,  process  of,  197. 
Water  and  Air,  action  of,  on  exposed  coasts,  24. 
Water-contents  of  various  rocks,  200. 
Water  supply,  geology  of,  198;  sources  of,  for 

towns,  199, 202. 
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Water,  pffoportloD  of,  an  the  sorfkee  of  the  tmrth, 
5,  14;  physical  dlstriUation  and  jilwwwna  of. 
13,14;  raag«oft«mparatareof.l4.  15;  dronla- 
tioB  of.  en  tba  globa.  l«.  17;  quauitj  reoakved 
fitWB  the  atmoapben  npoo  the  land.  17;  anbter* 
ZBoean  emptluoa  of.  29;  mechanical  effeeta  of. 
on  the  earth's  sorfhoe.  37 :  physical  aad  geobigi- 
cal action  of,  1  jl ;  natoral  eraekmor,  166;  action 
of.  on  rocks,  It^;  diatribation  and  eiztulatiifin 
of,  198,  203;  river  and  spring  water.  202;  lala- 
tive  pnri^oCi  ik. ;  aoeideiita  in  coal  aynoalbsaa, 
248. 

WatolUla  aboand  in  sandslona  dialiielB.  171 . 

Wares,  the  varioos  phenomena  of.  15;  maguitnde 
aad  Telodtj  of,  ik. 

Wealden  series  (Dutch.  wtml4»  a  ftnat)  of  the 
soocHidazy  epoch,  71,  lol ;  eouslrtliift  of  Pniheek 
beds,  Hastings  sand,  and  WeaU  clay,  ib, ;  groop 
of  IbesOsofthe,  101. 


Weald  day  of  SMtts.  Itt. 

Weather,  effect  of,  on  coal  odne  c 

Wells,  for  supplying  water,  20U;  . 

Wenlaefc  groop  oCvoeka,  74. 

Whim,  the  mining  machine  80  called.  28i» 

Whitby  CUff  and  AJbbej,  wmihHtag  oftkniMk 

of,  173, 174. 
Winds,  periodical.  II. 
Winzes  in  mines,  278. 
Wood,  use  oC  aa  Itael,  S17  »t  Mf. 
Worka  oTgeaias,  teiportMK*  oT trstH b^  lfli»I8BL 
World,  map  of  the,  6. 
Worms,  ihssflhisd,  7%  73. 
Wrasse,  taU  of  the,  80. 


Yorkshire,  vast  mineral  fiddtcC  ^ 
TorkiUia  asgloaM,  SIS. 
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Abichite,  545. 

Abrazite,  519. 

Aciculite,  499. 

Achmatite,  626. 

Achirite,  514. 

Aomite,  489,  443»  4i3,  il4»  fiSS^. 

Actinolite,  524. 

Adamantine  spar,  507. 

Adularia,  519. 

-Egirine,  525. 

iErolite,  491. 

.Ssohynite,  417»  420,  422, 424,  430,  530. 

Agalmatolite,  516. 

Agates,  509. 

Agnesite  (carbonate  of  bismuth^  &a8w 

Akanticon,  526. 

Alabandine  (sulphmretof  iBAngimMe),  397, 299^ 
301,  302,  496. 

Alabite,  525. 

Albite  (Lat  tdbns,  vfaite).  46ft,  499,  401, 4«2> 
463,  464,  466,  467,  468,  520. 

Algerite,  439,  442,  443,  444,  518. 

Allanite  (black  siliceous  oxide  of  Moriwi),  4S9> 
442,  447,  450,  452,  453,  599. 

Allochroit,  527. 

Allophane  (Gr.  alloSf  aad  jp^kmimt,  to  appear), 
515. 

Alloy  of  iridium  and  08miinB>  4K}. 

Alloy  of  iridium  and  platfanini,  4M. 

Alluaudite,  546. 

Almandine,  527. 

Almandine  ruby,  507. 

Alstonite,  417,  421, 422,  425,  426,  430,  535w 

Altaite  (telluride  of  lead),  S97,  493. 

Alum,  297,  299,  401,  549. 

Alum,  ammonia,  543. 

Alum,  soda,  543. 

Alumina,  phosphate  of,  548. 

Aluminate  of  magnesia,  507* 

Aluminite,  544. 

Alunite,  391,  400,  401,  543. 

Alunogen  (hair  salt),  541. 


Alvine,  516. 

Amalgam  (hydrarguret  of  aUvery,  997,  999, 

301,  302,  304,  307,  310,  314,  492. 
Amazon  stone,  519. 
Amber,  554. 
Amblygonite   (pfiamatio  amblygoBito   spar), 

417,  549. 
Amethyst,  508. 
Amianthus,  524. 
Ammonia,  sulphate  of,  417,  490,  4S1,  492,  494, 

425,  426,  430,  540. 
Ammonia  alum,  543. 
Amphibole  (hornblende),  439,  449,  448,  444, 

445,  446,  447,  448,  448,  451,  459,  45S,  454^ 

456,  457,  524. 
Amphigene,  521. 
Amphodelite,  521.  * 

Analcime,  297,  307,  518. 
Anatase   (pyramidal  titanium  ore),  960^  999, 

363,  365,  367,  368,  370,  379,  5S9. 
Andalusite,  417,  420,  421,  429,  429,  425,  «I7> 

515. 
Andreolite,  519. 
Andreasbergolite,  519. 
Anglarite,  546. 
Angles  of  crystals,  290. 
Anglesite  (sulphate  of  lead),  417,  420,  421, 429 

424,  425,  428,  430,  431,  433,  642. 
Angles  of  latitude,  explanation  of,  498. 
Anhydrous  peroxide  of  manganese,  508. 
Anhydrous  seolecite,  520. 
Ankerite,  391,  400,  401,  402,  537. 
Annabergite  (arseniate  of  nickel),  489, 443, 946. 
Anorthic  system  of  orystals,  457 ;   minerals 

belonging  to,  458 ;  parameter*  and  axes,  ib. 
Anorthite,  521. 
Anorthotomous  felspar,  521, 
Anorthotype  system,  457. 
Anthophillite,  524. 
Anthosiderite,  514. 
Anthracite  (glance  coal),  495,  555. 
Antigorite,  511. 
Antimonite  (gray  aAtteomy)',  420,  421,  429, 

423,  424,  425,  426^  480^  481,  489,  500. 
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Autimonsilber  (autimonial  silver),  417,  420, 

422,  424,  425,  426,  427,  430,  431,  433,  494. 
Antimonocher,  532. 

Antimony  (native),  385,  390,  391,  400, 402, 493. 
Antimonial  copper  glance,  500. 
Antimonial  nickel,  494. 
Antitomoos  felspar,  521. 
Antrimolite,  517. 

Apatite  (phosphate  of  lime,    Gr.  apatao,  to 
deceive),  390,  391,  393,  394,  395,  400,  401, 
402,  405,  410,  411,  550. 
Aphanese,  545. 
Aphrizite,  534. 
Apophyllite  (Gr.  apo,  and  j)Ay//on,  a  leaf),  360* 

362,  363,  367,  516. 
Aquamarine,  528. 

Aragonite,  417,  420,  421,  422,  430,  536. 
Arcanite,  540. 
Arendalite,  526. 
Areometer,  Nicholson's,  486. 
Arfvedsonite  (peritomoos  augite  spar),   439, 

443,  444,  525. 
Argentiferous  copper  glance,  499. 
Argentite  (sulphnret  of  silver),  297,  299,  302, 

804,  807,  310,  500. 
Arikinite,  499. 
Arkansite,  529. 
Arpedelite,  529. 

Arrangement    and  deflcription   of  minerals, 
491. 

Arsenic,  391,  400,  499. 

Arsenic,  oxide  of,  544. 

Arsenical  cobalt,  494. 

Arsenical  iron,  502. 

Arsenical  nickel,  497. 

Arsenical  pyrites,  495. 

Arseniate  of  nickel,  494. 

Arsenite,  299,  544. 

Arseniuret  of  copper,  495. 

Artificial  crystals,  290. 

Asbestos,  524,  525. 

Asbolane  (earthy  cobalt),  506. 

Aspasialite,  527. 

Astrakhanite,  540. 

Atacamite,  552. 

Augite,  439,  442,  443,  444,  447,  448,  450,  451, 
452,  453,  454,  456. 

Aurichalcite,  538. 

Aoro-plambiferous  telluret,  493. 

Aatomalite,  507. 

Autunite  (yellow  uranite),  360,  548. 

Avanturine,  509. 

Axes  of  crystals,  290. 

Axes  of  the  cube,  295. 

Axinite,  458,  460,  461,  462,  468,  475,  466,  467, 
468,  535. 

Axis,  290,  et  seq. 

Axotomous  antimony  glance,  501. 

Axotomovu  angite  spar,  526. 


Axotomons  triphane  apar,  519. 
Azurite,  539,  548. 

B 
Babingtonite,  458,  460,  461,  462  526. 
Baierine,  531. 
BaikaUte,  525. 
Balas  ruby,  507. 
Baltimorite,  511. 
BamUte,  515. 
Baryte  (sulphate  of  borytes),  417,  420,  421, 

422,  423,  424,  480,  540. 
BaryUMuadte,  489,  442,  444,  447,  448,  452, 

535. 
BarytophiUite.  525. 
Basal  pinacoids,  360. 
Bastite  (schiller  spar),  536. 
Batrachite,  512. 
Beilstein,  519. 
Berengelite,  555. 
Bergmannite,  517. 
Bernstein,  554. 
Berthierite  (sulphnret  of.  antimony  and  iron), 

501. 
Beryl,  528. 

Berzeline  (seleniuret  of  copper),  495. 
Berzelite,  544. 
Biaxial  mica,  522. 

Bieberite  (sulphate  of  cobalt),  439,  442, 44i, 
448,  450,  451,  541. 

Bildstein,  516. 

Biotite  (hexagonal  mica),  528. 

Biotite,  390,  891,  400. 

Bismuth  (natiTe),  891,  400,  492. 

Bismuth  blende,  514. 

Bismuthine,  417,  420,  422,  424, 499. 

Bismuthiferous  tnlphiiret  of  nickel,  498. 

Bismuthite,  538. 

Bismathochre,  506. 

Bitumen,  554. 

Bituminous  coal,  556. 

Black  coal  (bituminous  coal),  556. 

Black  cobalt  ochre,  506. 

Black  Jack,  496. 

Black  hematite,  508. 

Black  manganese,  504. 

Black  oxide  of  cobalt,  506. 

Black  spinelle,  507. 

Black  solphoret  of  antimony  and  silver, 
501. 

Blende,  antimony,  582. 

Blende  (sulphuret  of  xinc,  the  Black  Jack  of 
miners),  297,  299,  301,  802,  304,  807,  810, 
496. 

Blood  stone,  509. 

Blue  asbestos,  525. 

Blue  copper,  498. 

Blue  lead,  499. 

Blue  spinelle,  507. 
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Blue  vitriol  (sulphate  of  copper),  458, 460,  461, 

462,  463,  464,  466,  468,  544. 
Bole,  516. 
Bonsdorffite,  527. 
Boracite,  297,  299,  801, 807,  584. 
Boracitoid,  the,  336. 
Boracic   acid,    458,  460,  461,  462,  468,  466, 

467. 
Bomine,  493. 

Bomite  (purple  copper),  297,  299,  498. 
Botryogen  (red  vitriol ;  Gr.  hotnu  a  buneh  of 

grapes),  439,  442,  443,  444,  452,  542. 
BotryoUte,  534. 
Boulangerite,  500. 
Boulangerite   (sulphuret  of   antimony  and 

lead),  500. 
Boumonite,  417,  420,  421,  422,  423,  424,' 480, 

500. 
Brachy.pinacoids,  418. 
BrachytypouB  manganese  ore,  504. 
Brachytype  zinc  baryte,  512. 
Bragationite,  439,  442, 449,  450,  454,  527. 
Brandisite,  512. 
Braunite,  360,  362,  865,  504. 
Breithaupite  (antimonial  nickel),  890, 891, 894, 

494. 
Breunnerite  (carbonate  of  magnesia),  400. 
Brewsterite,  439,  442,  443,  444,  518. 
Bright  white  cobalt,  503. 
British  Museum,  classification  of  minerals  in, 

491. 
Brittle  sulphuret  of  silver,  501. 
Brochantite,  417,  421,  422,  424,  542.' 
Brogmartin,  540. 
Bromite,  297,  299,  553. 
Bronzite  (hemiprismatic  schiller  spar),  489, 

442,  443,  444,  511. 
Brookjte,  417,  420,  421,  422,  423,  430,  529. 
Brown  coal,  556. 
Brown  hematite,  505. 
Brucite   (rhombohedral  knph(me  glimmer), 

890,  391,  505. 
Bacholzite,  515,  539. 
Bncklandite,  439,  442,  447,  527,450,  527. 
Bulstein,  519. 
Buntkupfererz,  498. 
Bnratite,  588. 


Cacholong,  510. 

Calaite,  549. 

Calamine  (carbonate  of  zinc),  538. 

Calamine,  890,  891,  400. 

Calcite,  890,  3^1,  400,  401,  536. 

Caledonite   (cupreous  sidphato-carbonate  of 

lead),  417,  420,  421, 422, 430,  548. 
Calophonite,  527. 


Calomel  (muriate  of  mercury),  360,  862,  363, 

365,  367,  553. 
Cancrinite,  521. 

Capillary  sulphuret  of  antimony,  500. 
Carburet  of  iron  (plumbago),  495. 
Camelians,  509. 
Cassiterite  (tin  stone,  oxide  of  tin),  360,  362, 

363,  365,  867,  506. 
Castor,  521. 
Catseye,  509. 
Caucrinite,  521. 
Cavolinite,  521. 
Cawk,  540. 
Celestine  (sulphate  of  strontia),  417,  420,  421, 

422,  424,  430,  540. 
Ceretite,  513. 
Cerine,  529. 
Cerite,  513. 
Cerussite  (carbonate  of  lead),  417,  420,  422, 

424,  430,  538. 
Cervantite,  532. 
Chalamite,  499. 

Chabasie,  390,  391,  400,  401,  516. 
Chalcolite,  548. 
Chalcedony,  509. 
Chalk,  537. 
ChalkophyUit,  546. 
Chalkopyrite,  498. 
Chalybite  (spathose  iron),  890,  891,  894,  400, 

401,  537. 
Characteristics  of  minerals,  481. 
Chathamite,  494. 

Chemical  composition  of  minerale,  482. 
Chessylite  (blue  carbonate  of  copper),  439, 

442,  443,  444,  447,  448,  449,  450,  451,  452, 

453,  454,  455,  456,  459,  539. 
Chiastolite,  515. 
Childrenite,  417,  421,  430,  549. 
Chiolite,  860,  367,  551. 
Chloanthite,  417,  422,  494. 
Chlorite  (Gr.  chloros  green),  891,  524. 
Chlorite  spar,  525. 
Chloritoid,  525. 
Chloropal,  513. 
Chlorophffiite,  513. 
Chlorophyllite,  527. 
Chloro-spinelle,  507. 
Chodnewite,  551. 
Chondrodite,  552. 
Chrichtonite,  531. 
Christianite,  458,  460,  461,  462,  468,  464,  466, 

467,  468,  519,  521. 
Chromite  (chrpmate  of  iron),  297,299,  533. 
Chromochre,  533. 

Chrysoberyl,  417,  420,  421,  422,  424,  430. 
Chrysocolla  (copper  green),  514. 
ChrysoUte  (Gr.  chrysos  gold,  and  Kthos  stone) 

512. 
Chrysoprase,  509. 
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dnyiophaDe,  51S. 

Chrysotile,  511. 

Cinnamon  stone,  527. 

Cinnabar,  890,  S01,  480,  «09. 

Circles  of  UtitBde  OB  iptara  of  pnjMttoB,  108. 

Cistirite,  529. 

Clataitwtioa  of  OTatals,  SSf. 

Claosthalite  (selenioret  of  kMd),  197,  496. 

Clay  ironstone,  538. 

Cleavage,  293. 

Cleayelandite,  520. 

Clingmanite,  523. 

Clino-domes  (faces  of  the  obliqae  prion),  449. 

CUaorhombie  system,  488. 

Clintonite,  391,  512. 

Cloanthite  (white  nickel),  494. 

Coal,  556. 

Cobalt,  sulphate  of,  439. 

Cobalt  arsenioal,  494. 

Cobaltine  (bright  white  cobalt),  297,  299,  SIO. 

Cobaltine  (cobalt  glance),  503. 

Coccinite  (iodaret  of  mercury),  588. 

CoUyrite,  516. 

Colombite,  531. 

Combinations  of  the  pyramidal  syitflm,  881 — 

384. 
Combinations  of  the  rhombohAdralsjrteaa,  413 

et  seq. 
CombiBatiaHl  of  the  priamatie  system,  4N  «t 

seq. 
Combination  of  tiie  Anms  of  the  «abe  mA  oetau 

hedron,  &o.,  315—325. 
CombinatiMi  nittm  cNibe  and  tetrahedron,  fte., 

S45— 354. 
Comaum  opal,  519. 
Common  felspar,  519. 
Compound  crystalline  forms,  291. 
Comptonite  (kaoptM»e  spar),  417,  410,  431, 

422,  424,  517. 
Condurrite,  495. 
Connellito  (sQ^phato-tiiloride  of  copper),  D90, 

553. 
Copiapate,  542. 
Copal,  fossil,  554. 
Copaline,  554. 

Copper,  octahedral  arseniate  of,  417,  421. 
Copper,  297,  299,  307,  310,  491. 
Copper  used  for  stamping  maehinerj  becscrsc 

it  does  not  emit  spaiks,  491. 
Copper,  lenticular  arseniate  of,  545. 
Copper,  prismatie  aneniate  of,  418,  421,  422. 
Copper,  nickel,  494. 
Copper,  greem,  514. 
Coquimbite,  390,  391,  542. 
Coracite,  500. 

Cordieritc,  417,  420,  421,  422,  424,  480,  527. 
Comwallite,  545. 

Corundum,  390,  391,  394,  395,  400,  401. 
Or)niiideIIite,  523. 
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Cotunnite,  417,  429, 411, 489,  Ul. 
Covelline  (bine  copper),  498. 
Covelline,  890,  391. 
Crednerite  (ozMe  ot  \ 

439,  504. 
CkoeoMlte,M8. 
Cronstedite  (rhombohedral  melane  miea),  191, 

400,  518. 
Cross  stoM,  in. 
CrfDlile»  417,  410, 4&,  551. 
Crysoberyl  (pitaurtit  Mnatem),  599. 
Crystals,  artificial,  290. 
Crystals,    crystalline    and    wmut^itmM  mi^ 

8tanoet,S9l. 
Crystals,  forms  of;  independent  of  their  fnes 

«nd«ig«8,291. 
Crystals,  the  six  systems  of : — the  cubical,  fb» 

square,  the  hexagonal,  tke  jw  li— ■«!,  Ott 

obliqae,  aad  tint 

294. 
Crystala,  sffcaw  ^  19S> 
Crystals,  twin,  469. 
Crystals  which  b 

ehange  ef  ««b0lMMe,  47S. 
Crystallc^aphy,  explanation  of  the  i 

289. 
Cubane,  297,  499. 
Cube,  the,  294;  axes  ti  tlw,  295;  «yB*al«l^ 

298;  hflpir  to  deMslbe  a  net  tor,  297. 
Cubical  system,  the,  of  crystals,  294. 
Cummingtonite,  S14. 
Cuprite  (red«xideof  espper)  297, 199,901, 90^ 

307,  310,  505. 
Cyanose,  542. 
Cymopbme,  996. 
Cyprine,  526. 


Datholite  (siliceous  borate  «if  Itee),  A7, 49, 

421, 412,  «4,  490,  534. 
Davidsonite,  528. 
Bavyne  (named  in  honour  of  13ir  &.l>aTy), 

390,  891, 994,  395,  521. 
Davytic  kouphone  spar,  521. 
Dechenite,  533. 
Decrement,  illustrations  of  the  Isir  of,  955,  «t 

seq. ;  spherical  molecules,  359. 
Decrement  on  edges,  355,  et  seq. 
Dihexagonal  prism,  to  draw  the,  404 ;  forms 

of  the,  405. 
Dclphinite,  526. 
Deltohedron,  the,  305. 
Delvauxine,  547. 
Delvauxite,  547. 
Derived  rhombie  pyraioSds,  fSl;  of  seccoDd 

order,  432 ;  third  order,  484. 
Derived  obnque  rhombic  octahedrons,  453. 
Derived  obliqae  octahedron  of  the  second 
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class,  454 ;  of  the  third  class,  4S6  ;  VfmboHBf 
forms,  &0.,  415. 
Derived  do^ly  <H)U?fce  ^tMtiJtMfixtm,  4AU 

DeTonite,  548. 

Diadochite,  546. 

Diallage,  439,  511,  525. 

Diallogite,  SM,  S8i,  400,  401. 

DiAllogfte  (oarboftate  of  iniii{;iiMMK  S88. 

Diamond,  297,  299,  301,  304,  310,  495. 

Diamorphism,  476. 

Diaspore,  417,  420,  421, 423, 424»  ttO,  W7« 

Diatomonsaugiteflpar,  6U. 

Diatomous  kouphoie  spar,  U8. 

Diatomons  SidilUer  spar,  Mi. 

Dichroite,  527. 

Dillnite,  516. 

Diopside,  525. 

Dioptase  («nMrald  oopper,  Or»  dto  thmii^, 

and  optomai  to  see),  390,  400,  401,  Si^ 
Diplogenous  kouphon  spar,  518. 
Diploid,  the,  S4K 
Diploite,  510,  522. 
Diprismatic  copper  glance,  500. 
Diprismatic  zeolite,  518. 
Dipyre,  522. 

Dirhombohedral  eutom  glance,  MS«  v 

Dirhombohedrio  smaragd,  528, 
Diaomose,  497% 
Disthene,  515. 

Ditetragonal  prisil,  the,  873. 
Dodecahedral  amphigene  tptac,  63S. 
Dodeoahedral  corwudnm,  667. 
Dodecahedral  dyttome  glance,  488. 
Dodecahedral  garnet  blende,  406. 
Dodecahedral  iron  ore,  106. 
Dodecahedral  zeolite,  531. 
Dolomite,  390,  891,  400,  401. 
Dolomite  (bitter  epnr),  687. 
Domeykite  (arseuiuret  of  copper),  495. 
Double  six-faced  pyramid  of  the  teooad  order, 

396 ;  axes,  symbc^  &D.,  of^  lb. 
Double  six-faeed  pymndd,  deriyed  ttom  ^ 

pyramid  of  the  seeoftd  tMrder,897. 
Double  four-fiEiced  pyramid  of  the  fiiet  order, 
363;  axes,  symbols,  net,  &c.,  364;  cryatals 
peculiar  to,  365. 
Doable  four.faced  pyramid  of  the  eeeondorder, 
with  axes,  symbols,  &c.,  366—370;  apbenokl, 
the,  371. 
Double  six-faced  pyramid  of  the  fivtt  orde]% 

392;  axes,  symbols,  ft^es,  &o.,  ib. 
Double  six-faced  pyramid  dertved  from  tin 
pyramid  of  the  first  wder,  893  ^  Jbtms  of; 
which  occur  in  nature,  394. 
Doable  eight^faeed  pyramid,  S74 ;  «xes,  sym- 
bols,   &c.  of,  375;   net  for,  ib.;    erystals 
whose  faces  occur  parallel  to  the,  S76. 
Doubly-oblique  rhombic  prism  of  the 
order,  461. 


DwiUy<<ibliq|«e  prism.  Ant  erder,  469{  tfrn* 

bols,  ib. ;  net  for,  460 ;  oiTsteU  betoa|lDg 

to,  461. 
Doubly^blique  rhombic  prism  of  the  tlrird 

order,  463. 
Doubly-oblique  rhMAbfeptimt  of  the  foirth 

order,  464. 
Doubly-oblique  octahedron,  466;  «3Bt«,  iqrm* 

bols,  &0.  of,  ib.;  Bet  lor,  466. 
Double  refteotioii  and  paUudaed  light,  487« 
DuArenite  (phosphate  of  iron),  417,  648. 
Dufrenoysite,  301,  807,  602. 
Dypyre,  622. 
DjFMlMite,  610. 


Earthy  carbonate  of  magnesia,  511. 

Earthy  manganese,  504. 

Earthy  cobalt,  506. 

Edingtonite  (pyramidal  brythine  i^ar),  860, 

362,  365,  517. 
Edwardsite,  549. 
Edges  of  crystals,  290. 
£geraii,636* 
EhHte,  548. 

Eisennickelkies,  299,  497. 
Eiaeiikftesel,  609. 
Ekebergite,  522. 
Elementary  bodies,  list  of,  wiUi  their  aymbois, 

482. 
EloBOlite,  522. 
Embolite,  297,  299,  558. 
Embrithite,  600. 
Emerald  copper,  514. 
Emerald,  890,  391,  394,  395,  400,  401,  $38. 
Emerylite,  523,  528.^ 
Empyrodoxous  felspar,  623. 
Epidote  (prismatoidal  aittgite  «par),  4S8,  443, 

443,  444,  447,  448,  450, 452,  463,  536. 
Epistilbite,  417,  421.  422,  518. 
Epsomite  (Epsom  salt),  417,  421, 432, 414,  480, 

541. 
Eremite,  549. 
Erinite,  545. 

Erythine  (red  cobalt),  546. 
Erytiirine  (eobalt  Uoom),  439,  448,  447,  463. 
Erubcscite,  498. 
Esmaiidte,  537,  534. 
Essonite,  527. 

Eoeharite,  417,  420,  422,  424. 
EuchroTite  (prismatic  emerald  Brntadiite ;  Or. 

mtehroiaj  beautifal  colour),  646. 
Eadase  (prismatic  smaragd;  Or.  eu  easily, 

and  klao  to  break),  439,  443,  448,  444, 447, 

452, 458,  464,  456,  528. 
Eudnophite,  417,  420,  421,  422. 
Enlytine  (bismuth  blende),  387,  399,  801,303, 

307,  514. 
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aM,  »1,  ¥»,  4A1,  &W. 
XokairiSft   ^aelciuarct  o<  eopptr  tad  fOrcr), 

EtOfXiat,  514. 

EueaiU  ;Gr.  ««uE»Mf  a  Atruuprr;,  SSI, 
EspUaatkn  of  ttk^  ^nrivx,  f«««s,  edfo,  aafks, 
«zca,  Ae.,  of  trjfUU,  290. 


Faeos  cdfes,  aao^Ies  and  ax««  of  eryi/UlM), 

290. 
PMei  of  erfftoU,  ineUaatloD  of,  290  et  teq. 
Fahterz  (rraj  copper,,  »7,  290,  »!,  W7,  SIO, 

M2. 
FaUonite,  527. 
Faojaaite,  960,  3»,  520. 
FsyalUe,  417, 420,  421,  422,  423,  430. 
Faarite,  525. 
Fadererz,  500. 
Fdaobanyite,  549. 
Feiapar  ^amazon  ttose),  439, 442, 443,  444^  447, 

44d,  452,  453,  454, 456,  519. 
Fer  ealearfo  aUioeaz,  525. 
Ferfmoaite  (pyramidal  melane  ore),  3M,  m, 

367,530. 
FerroCitaiiite,  531. 
Fenerblende,  439,  412,  443,  444,  450. 
FIbrolite,  515. 
Ffehtelite,  555. 

Fifth  fjitem  of  CTfftaU— the  obUqae,  438. 
Figure  atone,  516. 
Fbior,304. 

Florite,  or  pearl  ainter,  510. 
Fire-atooea,  tale  oaed  for,  523. 
Fire  opal,  or  giraaol,  510. 
FiratajatAnoferyatala,  294. 
Flaeherito,  549. 
Flexible  ailTer,  500. 
Flint,  509. 

Float-atone,  or  apoogiform  quartz,  509. 
Floaferri,.586. 
Fhierblende,  502. 
Fliiemte  (flnoride  of  alnmininm),  417, 420, 430, 

551. 
Flnooerita  (neutral  fluate  of  cerium),  300, 391, 

551. 
Fluor  (fluate  of  lime ;  Lat.>Itto  to  flow),  550. 
Forma  of  crjatala,  291,  292. 
Four-faced   cube,  face*,  ajrmbola,  ftc.,  806; 

forma  of  and  net  for  the,  309 ;  cryatal  haviag 

fkoea  parallel  to  thia  form. 
Fourth  ayatem  of  cryatala,  the  priamatie  or 

rhombic,  417. 
Franklinite  (dodecahedral  iron  ore),  297,  399, 
801,  304,  307,  506. 


FreieAiebeaite  (mdfkmrtt  of  tfrar  aad  a 
aMjj,  4M^  441,  4M^  4&,  4Mt  4a,  453. 

Fragantit,  5Mi. 


'autOBaSte),  397,  3991,  597. 
Galeaa  f  aa^taict  of  ICM^,  3t7,  399^  SM^  JH. 

307,499, 
Ga:»ei,5l2, 
GalUeiaite,  S89. 

Gadoiooite  (froa  Gaddlia,  ita  fiaesfiRcr^  £S. 
Garnet,  397,  391,  393,  997,  UA,  537. 
Ganeu,  eoarae,  wmd  iaataad  of  imiij  flir 

poliahiag  BCtida,  527. 
Ganiadorfttc,  544. 

Gajlaarite,  439, 443,  444, 449,  453,  337. 
Gehlcaite  (pjraaridal  adjaphaf  apar],  aw, 

363,537. 
Gcokrooite,  509. 
Geradorfltte  (araenieal  waOai^  397,  39ig  3&). 

497. 
Gibbaite,  54ft. 
Gicaeehite,  537. 
GigantoUte,  537. 
Gillingite,  513. 
Giamondine,  519. 
Glaaerite  (anlpbate  of  potaah),  417,  439,  4S1, 

433,  434,  430,  540. 
Gla«7  lUapar  (aaidfiae),  519. 
GlaModote,  417, 533. 
GUaee  eoal  (anthracite),  495. 
Glaneophane  (Gr.  ^iaadbaa  Uaidft-gTaj,  aal 

pkame  to  iqypear),  533. 
Glauber  aalt,  540, 

Glauberite,  439,  443, 444^  458, 453,  540. 
Glaoeolite,  503. 
Gmelinite    (heteiuuMnphoua  koiqibane  apar}, 

390,  391,  400,  517. 
Goecolite,  535. 

Gold,  397,  299, 307, 301,  900, 403. 
eonioaieteri    (inatnoMou  with    which   to 

meaaure  angliBa),  393, 477. 
Goabirite  (anlphate  of  sine),  417,  433, 434, 438; 

541. 
Goahenite,  528. 
Gothite  (priamatie  inn  Ofe),  417,  431,  431; 

433,434,430,505. 
Grammatite,  534. 
Graphic  tellurium,  483. 
Graphite  (plumbago),  390,  801, 495. 
Gray  eopper,  503. 
Gray  oxide  of  manganaaft,  503. 
Gray  ailyer,  538. 
Greenoddte  (aulphnret  of  eadminm),  890, 381, 

884,  S9v,  496. 

Greenorite,  520. 
Gray  antimony,  500. 
Groppite,  516. 
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Orossular  gfarnet,  527. 

Granauite  (sulphuret  of  nickel),  297,  299,  498. 

Guanite,  554. 

Gurolite,  517. 

Guyaquillite,  555. 

Gypsum  (sulphate  of  lime),  439,  443,  444, 447, 

448,  450,  452, 453,  456,  541. 
GyroUte,  417. 

H 

HaidingreHte,  417,  421,  422,  501. 

Halloysite,  515. 

Haloide  (octahedral  fluor),  545,  546,  548,  550. 

Halotrichite  (feather  alum),  541. 

Hardness,  specific  grayity,  fracture,  colour, 

lustre,  brittleness,  flexibility,  malleability, 

taste,  smell,  &c.,  of  minerals,  483  et  wq. 
Hard  white  cobalt,  494. 
Harmotome,  417,  421,  422,  430,  519. 
Hartite,  555. 
Hartin,  555. 
Hartmannite,  497. 
Hatchettine,  555. 
Hauerite,  297,  299,  301,  310,  496. 
Hausmannite  (black   manganese),  360,    862, 

365,  367,  504. 
HaQyn,  522. 

Hauyne,  297,  299,  301,  302,  544.  • 

Hayesine,  534. 
Hedyphane,  550. 
Heliotrope,  or  bloodstone,  509. 
HeWin  (tetrahedral  garnet,  Gr.  eJtMythesan), 

229,  528. 
Hematite,  890,  391,  304,  895,  400,  401. 
Hemihedric  rhombic  system,  438. 
Hemihedral  forms  of  the  cubical  system,  380. 
Hemihedral  forms  with  inclined  faces,  339 ; 

parallel  faces,  ib. 
Hemihedral  four-faced  pyramid,  377. 
Hemiorthotype  system,  438. 
Hemiprismatic  talk  glimmer,  522. 
Hemiprismatic  sulphur,  502. 
Hemipyraniid,  the,  453. 
Hemipyramidal  spar,  517. 
Hemiprismatic  dystom  glance,  502. 
Hemiprismatic  Schiller  spar,  511. 
Hemiprismatic  ruby  blende,  501. 
Hemitrope  crystals,  469. 
Henkelite,  500. 
Hepatite,  540. 
Herderite  (prismatic  fluor  haloid),  417,  420, 

422,  430,  549. 
Hermatite  (iron  glance),  504. 
Herschelite,  517. 
Hesingerite,  513. 
Hessite,  493. 
Heterosito,  439,  647. 
Heterotomous  felspar,  520. 
Heulandite,  439, 442, 443, 444, 449, 450, 452, 518. 


Hewkelite,  500. 

Hexakistetrahedron  (six-faced  tetrahedron), 

336. 
Hexahedral  kouphone  spar.  518. 
Hexahedral  glance  blende,  496. 
Hexagonal  scalenohedron,  the,  407. 
Hexagonal  cobalt  pyrites,  503. 
Hexahedral  iron  pyrites,  497. 
Hexahedral  lead  glance,  499. 
Hexahedral  silver  glance,  500. 
Hisingerite,  513. 
Holmesite,  512. 
Holohedral  forms  of  the  pyramidal  system, 

359. 
Honeystone,  553. 
Homssmorphous  bodies,  476. 
Hornblende,  basaltic,  524. 
Hornblende,  common,  524. 
Hornstone,  509. 
Horn  quicksilver,  553. 
Homsilver,  558. 
Humboldtilite,  526. 
Humboltine  (oxalate  of  iron),  553. 
Humbolite,  534. 
Humite,  489,  442,  448,  444,  447,  449,  450,  451, 

452,  453,  454,  455,  552. 
Huraulite,  547. 

Hureaulite,  489,  442,  444,  450,  547. 
Hyacinth,  514. 

Hyalite,  or  MuUer's  glass,  610. 
Hyaloaiderite,  512. 
Hydrarguret  of  silver,  492.. 
Hydrargyllite,  890,  391,  507,  548. 
Hydrous  oxide  of  manganese,  504. 
Hydroboracite,  684. 
Hydrolite,  617. 

Hydromagnesite  (native  magnesia),  587. 
Hydrophane,  510. 
Hydrosiliceous  copper,  514. 
Hydrous  oxide  of  iron,  605. 
Hyperstene,  439.  442,  448,  44S. 
Hypersthene,  525. 


Iberite,  527. 

Ice,  390,  891,  505. 

Ice  or  snow,  crystals  of»  478. 

Ichthyopthalmite,  616. 

Idocrase  (pyramidal  garnet),  860,  862,  863, 

365,  367,  526. 
Igbite,  53<«. 

Ilmenite  (titanitic  iron),  890, 891, 894,  400,:5ai. 
Ilvaite,  417,  420,  422,  423,  429,  430,  525. 
Indigo  copper,  498. 
lodite  (iodic  silver),  553. 
loUte,  527. 
Iridium  (alloy  of  iridium  ftnd  platinum),  297, 

299,  498. 
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Irite,  299,  505. 

Iron  (natiTe  iroc),  297,  299,  491. 

Iron,  chrysolite,  514. 

Iron,  salphate  of,  541. 

Iron,  tun^state  of,  418,  420,  421,  432,  423. 

Iron  cobalt,  494. 

Iron  glance,  504. 

Iron  pyrites,  497. 

Iron  flint,  509. 

Iron-flail,  or  fermginoos  quartz,  509. 

Irreinilar  twenty.foar  faced  trapexohcdron, 

341 ;  faceii,  angles,  symbols,  Ac,  of,  S42 ; 

net  for,  344. 
Iscrine,  297,  299,  301,  530. 
Isomorpbism,  47G. 
Itomeirical  cobaltJcies,  497. 
Ittnerite,  302,  522. 
Ixolyte,  555. 

Jade,  519. 

Jamesonite  (axotomons  antimony  glance),  417, 

420,  421,  422,  501. 
Jasper,  509. 
Jeffersonite,  525. 

Jobannitc,  439,  442,  443,  444,  447,  542. 
Jobnsonite,  532. 
Jndianite,  521. 
Jodicolite,  534. 
Joranite,  529. 

K 
Kakokene  (Gr.  kakot  bad,  and  xenot  a  guest), 

549. 
Kaloehrome,  583. 
Kammererite,  524. 

Kaolin  (porcelain  earth,  felq»ar),  520. 
Kaproid,  the,  324. 
KarphoUte,  528. 
Karetenite  (anhydrous  sulphate  of  lime),  417, 

420,  421,  422,  430,  541. 
Kanite  (prismatic  disthene  spar),  458,  515. 
Keffekil,  511. 
Keilhauite,  530. 

Kerate  (muriate  of  sUver),  297,  299,  302,  553. 
Keraaine,  552. 

Kermes  (red  antimony),  439, 442, 447, 502, 532. 
Kibdelophane,  531. 
Kilbrickenite,  500. 
Kiessel  malachite,  514. 
Killinite,  527. 
Klaprothine  (lazulet),  439,  441,  443,  447,  448, 

450,  452, 453,  543. 
yiilioclase    (oblique   prismatic   arseniate  of 

eq»per),  439,  442,  447,  545. 
Xobelllte  (sulphuret  of  aatimooy,  lead,  and 

bismuth),  501. 
Konichaloite,  548. 
Koulite,  554. 
KOaigit»»  439,  443, 54A. 
XrlsMTigite,  542. 


Krokydolite,  blue  asbestoa  (Gr.  krokta,  a  tock 

of  wool),  525. 
Krokoite,  533. 
Kryptolite  (a  phosphate  of  oxide  of  cerium], 

547. 
Knnite,544. 

Kupfemickel  (oopperniekel),  390, 391, 383, 491. 
Knpferindig,  49S. 
Kupfershaum,  546. 
Knpfersmaragd,  514. 
Kyanite,  515. 


Labradorite  (Labrador  felspar),  520. 

Labrador  hornblende,  S25. 

Labradorite,  456,  460,  461,  463. 

Labrotite,  520. 

Lannite  (hydrous  phosphate  of  eopper),  439, 

442,450. 
Lanarkite,  543. 
Lapis  lazuli,  544. 
Lapis  ollaris,  523. 
Lasionite,  548. 
Lasur  malachite,  539. 
Latrobite,  458,  462,  522. 
Lancasterite,  537. 
Lanthanite  (carbonate  of  cerium),  306,  362, 

538. 
Laumonitc,  439,  442,  4i3,  441,  452,  518. 
Laxulitc,  548. 
Lead,  native,  299,  492. 
Lead,  sulphate  of,  417  et  scq. 
Lcadhillite  (f^ulphato-carbonate  of  lead),  417, 

420,  421,  422,  424,  4S0,  543. 
Leucophane,  458. 
Lehmannite  (chroraate  of  lend),  430,  443,  444, 

447,  448,  449,  452,  453,  454. 
Lehmannite  (red  lead  ore),  533. 
Lenneitc  (sulphuret  of  cobalt),  497. 
Lenzinite,  615. 
Lerbaehite  (seleninret  of  lead  and  meivury), 

297, 496. 
Leonhardite,  518. 

Leryne  (maerotypous  koophone  spar),  891. 
I         400,517. 

Lepidomelane  (Gr.  lejrit  a  acalft,  and  melas 

black),  523. 
LepidoUte.  439,  442,  443,  444,  523. 
LepoUte,  521. 
Lettsomite,  542. 

Leucite  (Gr.  IoObm  white),  302,  807,  521. 
Leucopyrite,  495. 
Leudtoid  (the  twe&t7.foar.4keed  trape*ohc^ 

dron),  305. 
Leucophane,  551. 
Leuchtenbergite,  524. 
Ubethenite  (phosphate  of  oopper).  417.  422. 

423, 430, 547.  *-  7f        ,      ., 

Uderite^5S8. 
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J^ievrite,  525. 

Lime»  anhydrous  sulphate  of,  417,  420,  421, 
422,  430. 

Lime  harmotome,  519. 

Limnite  (hydrous  oxide  of  iron),  603. 

Linarite  (cupreous  sulphate  of  lead),  439,  442, 
443,  444,  542. 

Linneite  (sulphuret  of  cobalt),  297,  299,  497. 

Liroconite  (octahedral  arseniate  of  copper), 
417,  422,  545. 

Loboit,  526. 

Loganite  (hydrosilicate  of  alumina  and  mag- 
nesia), 417,  420,  422,  524. 

Lolingite  (arsenical  pyrites),  417,  420,  422, 
495. 

Lithonite,  523. 

Lithomarge,  511. 

Lithia  mica,  523. 

Lunnite  (hydrous  phosphate  of  copper),  548. 

Lydian  stone,  509. 


Macherite,  552. 

Macro-pinucoids,  418. 

Macrotypous  kouphone  spar,  517. 

Magncsian  limestone,  537. 

Magnesite  (carbonate  of  magnesiu),  537. 

Magnesia,  511. 

Magnetic  iron  pyrites,  497. 

Magnetite  (magnelic  iron  ore),  297,  299,  802, 

304,307,310,504,511. 
Magnesia,  sulphur  of  (Kpsom  salt),  541. 
Magnesite,  400,  511. 
Malachite  (green  carbonate  of  copper),  439, 

442,  443,  444,  514,  539. 
Malachite  (dystomic  habroneme),  &45. 
Malacone,  515,  530. 
Malaoolitb,  525. 

Malachite,  hemiprismatic  dystome,  &4d. 
Malachite,  pseudo,  543. 
Malachite,  prismatic  olire,  545. 
Malachite,  diprismatic  olive,  547. 
Malachite,  pyi'amidal  euchlore,  548. 
Malachite,  hcxahedral  lirocone,  545. 
Manganese,  phosphate  of,  418. 
Manganite,  417,  420,  421,  422,  423,  424, 430. 
Manganite  (gray  oxide  of  manganese),  503. 
Manilite,  520. 
Map  of  principal  zones  in  the  oubiool  system, 

327  et  seq. 
Map  of  crystals,  326. 
Marble  for  statuary,  536. 
Marcasite  (white  iron  pyrites),  417,  430,  422, 

430,  497. 
Margyritc,  439,  442,  448,  444,  447,  448,  450, 

454,  455. 
Margarite  (hemiprismatic  perl  glimmer),  430, 

523. 


Marmolite,  511. 

Mascagnine  (sulphate  of  ammonia),  417,  420, 

421,  422,  424,  430,  540. 
Masonite  (chlorite  spar),  525. 
Matlockite,  360,  362,  363,  865,  367,  552. 
Meerschaum,  511. 
Mcgalagonous  kouphone  spar,  518. 
Melanterite  (green  rltriol),  541. 
Melanochroite,  533. 

Melanterite,  442,  439,  443,  444,  447, 448,  450. 
Melanite,  527. 
MeliUte,  526. 
Mellite  (meilate  of  alumina),  860,  362,  365, 

367,  553. 
Menaccanite,  531. 
Mendipite.  417,  420,  421,  422,  552. 
Mengite,  417,422,424,  430,  530,  519. 
Mennige,  506. 
Mercury  (native),  299,  492. 
Meroxen,  523. 
Meionite,  522, 
Mesitine,  390,  391,  400,  539. 
Mesotype,  417,  422,  430,  517. 
Mesolite,  517. 

Metalloid  dialhige,  525,  526. 
Meteoric  iron,  491. 
Meteorite,  491. 
Metaxite,  511. 

Method  of  obtaining  artiSclal  crystals,  290. 
Miargyrite  (hemiprismatic  ruby-blendc),  501. 
Mica,  439,  442,  443,  444,  451,  452,  453,  522. 
MioroUte,  529. 
Middletonite,  555. 
Middlerine,  498. 
Miemite,  537,  549. 
Mikroklin,  519. 

Millerite  (nickel  pyrites),  390,  400,  401,  407. 
Milk  quartz,  508. 
Miloschine,516. 
Mimetite  (arseniate  of  lead),  390, 391, 394, 305, 

400,401,550. 
Mineral,  what  -we  understand  by  the  word, 

481. 
Minerals  assume  mathematical  forms,  481. 
Minerals,  species  of,  characteristics  of,  481 ; 

forms  and  chemical  composition  of,  482 ; 

symbols  of,  483 ;  hardness,  &c.,  484 ;  streak 

of,  ib. ;  specific  gravity  of,  with  illustrations 

explanatory,  ib. ;  arrangement  and  descrip. 

Uon  of,  491. 
Minerals  belonging  to  the  pyramidal  system, 

360. 
^lineralogy,  definition  of  the  science,  481. 
Minium  (red  oxide  of  lead),  506. 
Mlrabilite  (sulphate  of  soda),  439, 442, 443, 444, 

449,  452,  453,  540. 
Mispickel  (arsenical  iron),  417,  420,  422,  430, 

502. 
Mocha  stone  and  moss  a?ate!i,  509. 
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Modifications  of  form  of  crystals,  292. 

Oblique  rectangular  prism,  439;  parameter. 

Modumitc,  494. 

axes,  symbols,  &c.  of,  440 ;  net  for,  441. 

Molecules,  355. 

Oblique  rhombic  octahedron,  451 ;  axes,  sym- 

Molybdeoa silver,  493. 

bols,  &c.  of,  ib. ;  net  for,  452. 

Molybdenite,  39a,  891,  395,  503. 

Oblique  rhombic  prisms  derived  from  those  of 

Molybdanocher,  533. 

the  second  order,  450. 

Molybdic  acid,  533. 

Oblique  rhombic  prism  of  the  first  order,  443 ; 

Monazite,  439,  442,  443,  444.  447, 448,  450,  452, 

sjrmbols,  &c.  of,  ib. ;  net  for,  444. 

453,  549. 

Oblique  right  prisms  on  a  rhombic  ba^e  of  the 

Monoclinohedrie  system,  438. 

second  order,  449. 

Monrolite,  515. 

Oblique  system  of  crystals,  438 ;  minerals  be- 

Monticellite, 417,  422,  423,  512. 

longing  to,  439;  sphere  of  projection  for 

Moon  stone,  519. 

the,  442. 

Mountain  wood,  521. 

Octagonal  prism,  the,  372 ;  how  to  draw  forms 

Moroxite,  550. 

of  the,  373;  net  for,  378. 

Morvenite,  519. 

Octahedral  ammonia  salt,  552. 

Mosandrite,  530. 

Octahedral  and  hepatic  copper  pyrites,  498. 

Mullerinc,  493. 

Octahedral  arseniate  of  copper,  545. 

MuUei's  glass,  510. 

Octahedral  arsenic  acid,  544. 

Mullicite,  546. 

Octahedral  chrome  ore,  533. 

Murchit»onite,  519. 

Octahedral  copper  ore,  505. 

Muscovite,  522. 

Octahedral  corundum,  507. 

Muriacite,  541. 

Octahedral  fluor  haloide,  550. 

Mussonite,  539. 

Octahedral  iron  ore,  504. 

N 

Octahedral  kouphone  spar,  522. 

Octahedral  lead  glance,  499. 

Nadelerz  (needle  ore),  499. 

Octahedral  titanium  ore,  529. 

Nagyagite  (black  or  foliated  telloriam),  360, 

Octahedrite,  529. 

362,  363,  365,  367,  493. 

Octahedron,  the,  298;  relations  of,  to  the  cube. 

Naphtha  (earth  oil),  554. 

ib. ;  symbols  of,  299 ;  net  for,  ib. 

Nalrolith,  517. 

(Erstedite,  515,  530. 

Natron  (carbonate  of  soda),  439,  448,  444,  447, 

448, 450,  535. 

523. 

Natural  properties  of  all  minerals,  481,  et  seq. 

Oisauite,  529. 

Naumannite  (seleniuret  of  silver),  297,  496. 

Okenite  (dyclasite),  510. 

Needle  ore,  499. 

Oligiate  iron,  504. 

Needle  spar,  536. 

Oligoclase  (Gr.  o%o<  little,  and  klao  to  cleave). 

Needle  stone,  617. 

458,  462,  463,  465,  466,  467,  521. 

Nephrite  (jade,  Or.  nephros,  a  kidney),  519. 

Olivenite  (right  prismatic  arseniate  of  copper). 

Nepheline  (Gr.  nephele,  a  cloud),  390,  391, 

545.. 

895,  522. 

Olivenite  (prismatic  arseniate  of  copper),  418, 

Nickel  pyrites,  497. 

421,  422,  424,  430,  545. 

Nickel,  arseniate  of,  439. 

OUvine,  418,  420,  422,  423,  424,  512. 

Nigrine,  529. 

Omphazite,  525. 

Niekeliferous  giay  antimony,  498. 

Nickel  bismuth  glance,  498. 

Onegite,  505.      . 

Niobite,  418,  420,  421,  422,  423,  424,  430,  531. 

Onofrite  (seleniuret  of  mercury),  496. 

Nitraiine  (nitrate  of  soda),  400,  401,  539. 

OoUte,  537. 

Nitre  (nitrate  of  potash),  418,  420,  421,  422, 

Oozite,  527. 

430,  539. 

Opaline  felspar,  520. 

Noble  opal,  510. 

Opal  (resinous  quartz),  510. 

Noseau,  544. 

Ophite,  511. 

Nontromite,  413. 

Orichalcite,  538. 

Nuttalite,  522. 

Orpiment  (yellow  sulphnret  of  arsenic),  418 

0 

421,  422,  424,  430,  502.                                        * 

Orthite,  529. 

Oblique  miea,  522. 

Orthoclase,  519. 

Oblique  prismaUc  arseniate  of  copper,  545. 

Orthotomous  felspar,  519. 

Oblique  pyramids  of  th«  first  class,  453. 

Orthotomous  kouphone  spar,  517. 
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Orthotype  (one  and  axial)  system,  417. 

Odmelite,  520. 

Osmiridium,  390,  891,  395,  492. 

Odmiridium  (alloy  of  iridium  and  osmium), 

492. 
Ostranite,  515. 
Ottrelite,  511. 
Oxalate  of  iron,  553. 
Oxalate  of  lime,  554. 
Oxalit,  553. 
Oxhaverite,  516. 
Oxide  of  antimony,  582. 
Oxide  of  arsenic,  544. 
Oxide  of  bismuth,  506. 
Oxide  of  manganese  and  copper,  504. 
Oxide  of  molybdenum,  533. 
Oxide  of  tin,  506. 
Oxide  of  titanium,  629. 
Oxide  of  tungsten,  508. 
Oxide  of  uranium,  506. 
Oxydulated  iron,  504, 
Ozokerite,  555. 


Palagonite,  514. 

Palladium,  299,  492. 

Paranthine  elain  spar,  522. 

Parasite,  391,  395,  539. 

Paratomous  augite  spar,  625. 

Paralomous  lead  baryta,  643. 

Paratomous  lime  haloide,  537. 

Pargasite,  439,  442,  443,  444,  453. 

Pargasite  (hornblende),  624. 

Parisite,  539. 

Patrinite    (plumbo-cupriferous    sulphuret  of 

bismuth),  418,  499. 
Paulite,  525. 
Pearl  sinter,  510. 
Pearl  spar,  537. 

Peehuran  (pitch-blende),  299,  606. 
Pcetolite,  520. 

Peerschaum,  earthy  carbonate  of,  666. 
Pelioma  (prismatic  quartz),  627. 
Pennine,  524. 
Pentagonal  dodecahedron,  839 ;  faces,  angles, 

symbols,  edges,  &c.,  of,  840 ;  net  for,  341. 
Pcreylite  (a  hydrochloride  of  lead  and  copper), 

297,  299,  302,  310,  563. 
Periclase,  505. 
Pericline,  520. 
Peridot,  512. 

Peritomous  antimony  glance,  602. 
Peritomous  augite  spar,  525. 
Peritomous  hal-baryta,  686. 
Peritomous  kouphone  spar,  617,  619. 
Peritomous  lead  baryta,  662. 
Peritomous  ruby  blende,  499,  617. 
Peritomous  titanium  ore,  629. 
Perliclase,  297,  299,  506. 


Perowskine,  547.  > 

Perowskite,  297,  299,  302,  S04,  807,  810,  630. 

Perthite,  619. 

Petalite  (prismatic  petaline  spar),  521. 

Petroleum,  664. 

Petzite  (telluride  of  silver),  297,  498. 

Petzite  (telluret  of  silver),  symbol  and  system, 

characteristics  and  country,  493. 
Phacolite,  616. 
Pharmacosiderite  (arseniate  of  iron),  297,  2^9, 

302,  304,  545. 
Phannacolite  (arseniate  of  lime),  439,  442 j 

443, 444,  540,  544. 
Phenakite  (rhombohedral  smaragd,  Gr.  pAe. 

naxt  a  deceiver),  390,  895,  400,  401,  528. 
PhiUipsite,  418,  421,  422,  430,  519. 
Phoenicite,  583. 
Phonicit,  533. 

Phonikochroit,  538.  ^ 

Phosgenite  (murio-carbonate  of  lead),  360, 

362,  868,  865,  867,  550. 
Phosphate  of  alumina,  548. 
Phosphate  of  copper,  647. 
Phosphate  of  iron,  646. 
Phosphate  of  lead,  649. 
Phosphate  of  lime,  660. 
Phosphate  of  manganese,  647. 
Phosphate  of  uranium,  648. 
Phosphate  of  yttria,  648. 
Phosphocalcite,  548. 
Phosphorite,  550. 

Phrehnite  )axotomous  triphane  spar),  519. 
PhylUte,  511. 
Piauzite,  655. 
Picrolite,  511. 
Picrosmine     (Gr.  pikros  bitter,     and   oame 

smell),  418,  421,  422,  512. 
Pictite,  529. 
Pinacoids,  420. 
Pingoite,  513. 
Pinite,  527. 
Pissophane,  544. 
Pistomesite,  539. 
Pistacite,  526. 
Pitch.blende,  606. 
Pitchy  iron  ore,  647. 
Placodine,  439,  444,  447,  448,  449,  495. 
Plagionite  (hemiprismatio  dystom  glance),  489, 

441,  452,  453,  502. 
Plasma,  609. 

Platinum  (native  platina),  297,  492. 
Platonic  bodies,  853. 
Plattnente,  890,  391,  607. 
Plausite,  666. 

Plesiomorphous  bodies,  476. 
Plomgomme  (hydrous  aluminate  of  lead),  608. 
Plumbago  (black  lead),  495. 
Plumbo.«upriferoua  sulphuret  of  antimony, 

600. 
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^\i^ui^M4^upnUtri^h4  e«iipUurvt  of  Mam  mil,  4lf9. 

t*ium't*iu  («ii|^tUr)rMjlpb«teof  «BtimMi)r),90tf, 
ft/Urutid  U«1»t,  ^7  a  ami, 

IfoiUhiu,  ilU,  421,  422,  603. 

Vitliua,  bin. 

ViuimUMia,  .'if  7, 

Potosti  iiiU^A,  522, 

PiHufeli,  iiitmUi  uf,  414. 

i'(Htt»li,  «uli»Uutti  iiU  417,430, 421,433,434, 430, 

640, 
PoUtuiie,  023. 

Pulyallitt)  ((Jr,  pohu  manjr,  and<i/«falt),  511. 
|«ul)  U.ii»Ui ,  :iuu,  SUl,  385. 
.V<Jl)hullle,  4l«,  4-JO,  4J1,  422,  641. 
l'ol.vh)aritu,  6 lit. 
biljbiiue,  41M,  422,  480,  630. 
i'olyiultfiiite.  41H,  420,  422, 424,  430. 
l'ul>iiiitfiiUo  (inUiimtlo  molaii*  ore),  530. 
l«uly»iih(iirile,  5^U. 
Vur4iillttiiiipHth,  41H,  021. 
l»itti*j',  ■'iua, 
IMUheoUte,  027. 
Vvehiiita.  41H,  420,  423,  010. 
rriimutiu  (iinblyironite  vpuv.  049. 
PrUiiiutto  und(Uuait9,  010, 
IMinmialu  ttntimuny  gUnce,  ooo. 
lHiiiu\!4tto  araenioul  pyriteM,  002. 
rviamittlo  Rugite  »pAV,  010, 
PviHumtio  Axinlte,  oao. 
VvUmatti)  bUinutU  glance,  400. 
l^i'iiiuiatio  biitur  »A\t,  041, 
IHUiuutio  boTAQio  noiU.  Od4, 
l^iUiuuUe  bor«ix  auU,  OiU, 
1*v1*u\mUo  QAlumiui',  Oka« 
VvUittwtlo  ortvbowftto  ul'»oU»,  oai* 

V»iAjtt«tio  ohryiHvlUh,  012. 
Vriioui^tle  <H>b«U  luict^,  04ti, 
Vvlnmutio  copper  gl^Aoe,  4^S, 
Vviftkuutio  cop)>er  tuieA»  04G, 
^^viiowntio  eotruiiaxuu,  ow^ 
i»»^ism\»nw  euti>»M  gUnee»  50i>, 
)^v|«mulio  UUthette  »piar»  O^tCi, 

IHrUttiiAiU  «^»^e«(ie  f>paki\  534< 

l^'WttwUv  giaaei»  JcJ*, 
]j^UttM>^H>  ivQM  oxe^  O0d«. 

yirbuKM^Up  tai»#  tAM*toi  5;»L 

V«-UUk>^|iQ  SM^llUH^^  »1»IM<\  >i  I . 


PriMiuitie  melaae  ore,  539. 
PriMoatie  oUre  malachite,  54^ 
Priamatie  oUrenite,  547. 
Priamatie  ore,  505. 
Priamatie  or  rhombic  sj-steoi,  417  ; 

projectioii  for  the,  422. 
Priamatie  oxide  of  manganese,  502. 
Priamatie  petaline  spar,  521. 
Priamatie  picroaminc  steatite,  512. 
Prismatic  purple  blende,  502,  5S2. 
Priamatie  quartz,  527. 
Prismatic  scheel  ore,  582. 
Priimiatic  amaragd,  528. 
Prismatic  talc  glimmer,  523,  524. 
Prismatic  tantalum  ore,  531. 
Prismatic  titanium  ore,  529. 
Prismatic  topu«,  551. 
Prismatic  wavelinc  haloide,  &48. 
Prismatic  xinc  baryte,  512. 
Prismatic  zinc  ore,  506. 
Prismatoidai  augito  spar,  52C. 
Prismatoidal  lead  barytn,  543. 
Prismatoidai  manganese  ore,  503. 
Prismatoidal  schiller  spar,  525. 
Prismatoidai  sulphur,  502. 
Prismatoidal  trona  salt,  535. 
Proustite  (rod  silver},  390,  391,  400,  501. 
Psathyritc,  633. 
Pseudomalaehite,  548. 

Pseudomorphous  crystals,  474 ;  crystals  which 
become  pseudomorphous  by  exchange  of  in- 
gredients, 475. 
Psllomelane    (Gr.  ptilos  smooth,  and  mdoi 
black,  black  hematite),  503. 

Purple  copper  (bornite),  498. 

Puschkinite,  526. 

Pycnite,  331. 

Pyramidal  adiaphane  spar,  527. 

Pyramidal  brythine  spar,  517. 

Pyramidal  cerium  baryta,  &51. 

^ramidal  copper  pyrites,  493. 

Pyramidal  euehlore  malachite,  513. 

Pyramidal  garnet,  SiSd. 

Pyramidal  kouphoae  spar,  516. 

Pyramidal  kad  baryta,  S3S. 

Pyramklal  aaaagaaeae  oc«,  501. 

Pyraaaldal  aaduaa  o««v  J^30^ 

Pyraaeidal  meikhrtNoae  reslii,  ftSS. 

Pyrasatdal  p^  kerate,  5.5S. 

Pyramidal  scbcd  baryta,  532. 

PyraaaMial  system,  3»;  li»t  of  mxBcrals  be- 
WagiB^  tffw  9^:  coaMttatnos  of  the, 
981--3S4. 

Pyramidttl  tua  ore,  88S. 


f^muHtiuiX  sizcQD>  9^1-k 
Pyramixial  aaalSte,  M&. 
Pynxg7tx]ba,.  380v  3K»  ««v  991. 

P3aacg7it2jb»,.527. 
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Pyrenaitc,  527. 

Pyrgome,  625. 

P}Titoid,  the,  339. 

Pyrite  (iron  pyrites,  Bulphurct  of  Iron),  2W, 

299,  802,  804,  307,  810,  497. 
PyrophylUte,  418,  524.; 
Pyrosmalite  (axotomous  perl  mica),  560. 
Pyrochlore,  297, 299,  302,  307. 
ryrope,  527. 
Pyromorphite  (phosphate  of  lead),  890,  891, 

395,  401,  549. 
Pyrophysalite,  561. 

Pyrochlore  (octahedral  titanium  ore),  529. 
Pyrorthite,  529. 

Pyroluslte,  418,420,  421,  422,  608. 
Pyrosmalite,  390,  891,  395,  503.  . 
Pyroxene,  525. 

Pyrrhotine,  390,  891,  395,  400,  401,  497. 
Pyrrhosiderite,  605. 


Quartz,  508. 


B 


Eadiolite,  617. 

KammeNberffite  (white  arsenical  nickel),  207, 

299,  302,  494. 
Raphilite,  524. 
Uealgar  (red  sulphuret  of  arsenic),  439,  442, 

443,  444,  447,  449,  450, 462,  464, 466,  466,  602. 
Red  antimony,  502,  532. 
Ked  cobalt,  540. 
Red  iron  ore,  604. 
Red  lead  ore,  533. 
Red  manganese,  538. 
Red  oxide  of  copper,  505. 
Red  oxide  of  lead,  506. 
Red  oxide  of  zinc,  506. 
Rcdruthite  (vitreous  copper),  41S,  420,  422, 

430,  498. 
Red  silver,  501. 
Red  zinc,  506. 

Red  siliceous  oxide  of  cerium,  613» 
Red  sulphuret  of  arsenic,  502. 
Red  sulphate  of  iron,  642. 
Red  vitriol,  542. 

Regular  pentagonal  dodecahedron,  36S. 
Remolinite  (muriate  of  copper),  418,  421,  424, 

430,  552. 
Resin  (pyramidal  mclichrone),  653. 
Resin,  Highate,  554. 
Resinous  quartz,  610. 
Retinalite,  511. 
Retlnite,  654. 
Retinasphalt,  554. 
Rhodocrosite,  538. 
Rhodonite  (siliciferous  oxide  of  manganese), 

430,  442,  443,  444,  613. 


Rhodozlte,  299,  302,  634. 
BhoDtzit,  616. 
Rhoe  wand,  637. 

Rhombic  dodecahedron,  300 ;  symbols  of,  801 ; 
net  for,  ib. ;  to  describe  the  face  of,  ib. ; 
minerals  with  crystals  of  this  form,  ib. 
Rhombic  pyramid  429 ;  axes,  symbols,  &c.,  of, 
ib.,  net  for,  430. 

Rhombic  sphenoid,  the,  435. 

Rhombohedral  almandine  spar,  550. 

Rhombohedral  alum  haloide,  643. 

Rhombohedral  arseniate  of  copper,  646. 

Rhombohedral  cerium  ore,  613. 

Rhombohedral  corundum,  507. 

Rhombohedral  dystom  glance,  601. 

Rhombphedral  elain  spar,  522. 

Rhombohedral  emerald  malachite,  514. 

Rhombohedral  felspar,  522. 

Rhombohedral  fluor  haloide,  550. 

Rhombohedral  iron  ore,  604. 

Rhombohedral  iron  pyrites^  497. ' 

Rhombohedral  kouphonc  glimmer,  606. 

Rhombohedral  kouphone  spar,  616. 

Rhombohedral  lead  baryta,  649. 

Rhombohedral  lime  haloide,  586. 

Rhombohedral  meUmemica,  618. 

Rhombohedral  quartz,  608. 

Rhombohedral  ruby-blende,  501. 

Rhombohedral  tmaragd,  628. 

Rhombohedral  system  of  crj'stals,  384  ct  seq. 

Rhombohedral  system,  combinations  of,  41 S 
et  seq. 

Rhombohedral  talc  glimmer,  623. 

Rhombohedral  zeolite,  616. 

Rhombohedral  zinc  baryta,  638. 

Rhomb  spar,  637. 

Rhomboid,  the,  898;  symbols,  poles,  &&,  of, 
and  nets  for,  899 ;  minerals  with  their  faces 
parallel  to,  400 ;  may  be  derived  from  double 
six-faced  pyramid,  401 ;  illustrations  of  this, 
402 ;  poles  of  the  derived,  403  et  seq. 

Rhyacolite  (Gr.  ryaz  a  lava  stream),  489,  442, 
443,  447,  449,  461,  462,  622. 

Riemanite,  616. 

Right  prismatic  arseniate  of  copper,  546. 

Right  prismatic  baryti-calcitc,  686. 

Right  rhombic  prism  of  the  first  order,  421 ; 
symbols,  &c.,  for  it,  ib. ;  net  for,  ib. 

Right  rhombic  prism  of  the  second  order,  425 ; 
symbols,  &e.,  of,  426 ;  poles  of,  42T. 

Right  rhombic  prism  of  the  third  order,  427. 

Bight  prism  on  an  oblique  rhombic  base,  440; 
symbols,  &c.,  of,  ib. ;  net  for,  447 ;  prisms 
derived  from  the  right  prism  on  an  oblique 
rhombic  base,  448. 

lUght  rectangular  prism,  418 ;  to  draw  sym- 
bols, ftc,  419 ;  net  ftw  the,  ib. ;  parameters 
of,  ib. 

Rlolite,  496. 
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RipidoUte  (Gr.  ripit,  a  fan),  S90,  S91,  994,  400, 

401, 524. 
Ripodolith,  534. 
Bock  crystal,  508. 
Roek  salt,  553. 
Rodoebrome,  534. 
Boeatone,  537. 
Bomanosite,  537. 
RoseUte,  418,  430,  433,  430,  544. 
Rose  or  milk  qnartz,  508. 
Rubellite,  5H. 
Robellan,  533. 
Rotile  (oxide  of  titanium),  860,  S63,  363,  865, 

867,  529. 
Raby  blende,  501. 
Ruby  oopper,  505. 


Sagenite,  530. 

Sahlite,  525. 

Sal  ammoniac,  397,  399,  803, 553. 

Saltpetre,  539. 

Silt,  rock,  553. 

Salt,  397,  399,  803,  310,  553. 

Salmiak,  553. 

Safflorite  (arsenical  cobalt),  397,  399,  807,  404. 

Samarskite,  418,  531. 

Sanidine,  519. 

Saroolite  (octahedral  kmqihonespar),  860, 863, 

868,  865,  367,  517,  533. 
Sassoline  (natire  bcHrade  add),  458,  460,  461, 

463,  463,  466,  467,  534. 
Satin  spar,  536. 
Saynite,  498. 

Scalenohedron,  the,  379,  et  seq. 
Sealenohedron,  forms  of  the,  409,  et  seq. 
Scapolite,  360,  863,  863,  365,  867,  533. 
Searbroite,  516. 
Scheel  lead,  583. 
Sohrotterite,  516. 
ScheeUte  (tongstate  of  lime),  860,  863,  863, 

3ff5,  367,  533. 
Scheererite,  439,  554. 
Sohiffer  spar,  536. 
Schiller  spar,  536. 
Schmelzstdn,  533. 
Schorl,  534. 
Scholezite  (needlestone,  Gr.  tkoUx,  a  worm), 

489,  443,  444,  453,  453,  517. 
Schorlomite,  581. 
Soholzite,  418,  434,  430, 500, 
Soorodite  (martial  arseniate  of  copper),  418, 

430,  431,  423,  424,  480, 545. 
Scorza,  526. 
Schrifters,  493. 

Second  system  of  crystals,  the  pyramidal,  859. 
Seleniuret  of  copper  and  sUrer,  495. 
Seleniuret  of  lead  and  mercury,  496. 
Seleniuret  of  lead  and  copper,  496. 


Semi^pal,  510. 

Selbite  (carbonate  of  sUrer),  538. 

Sdeniuret  of  copper,  495. 

Seleniuret  of  lead,  496. 

Seleniuret  of  mercury,  496. 

Seleniuret  of  sUver,  496. 

Selenium,  495. 

Selenite,  541. 

Senarmontite,  399,  504. 

SepioUte,  511. 

Serbian,  516. 

Serpentine  (so  called  from  its  spotted  or  snake- 
like markings),  511. 

Seybertite,  513. 

Siderite,  506,  587. 

SideroschixoUte,  518. 

Silicate  of  bismuth,  514. 

Siliceous  borate  of  lime,  584. 

Siliceous  oxide  of  zinc,  513. 

Siliceous  sinter,  510. 

Siliciferous  oxide  of  manganese,  513. 

Siliciferous  oxide  of  cerium,  513. 

Silicite,  530. 

Sillimanite,  515. 

SUver  (natiye),  397,  299,  303,  310,  493. 

Six.faced  octahedron,  310 ;  symbols  for,  811 ; 
to  draw,  ib. ;  axes  of,  813 ;  to  describe  a 
net  for,  313 ;  forms  of  the  which  oceur  in 
nature,  314. 

Six-faced  tetrahedron,  836  ;  faces,  edges, 
angles,  fte.,  of  336 ;  net  for,  837. 

Sixth  system  of  crystals,  the  anorthic,  or 
doubly  oblique,  457. 

Skutterudite  (hard  white  cobalt),  297,  399, 
303,  304,  494. 

Slate  spar,  536. 

Smaltine  (arsenical  cobalt),  297,  299,  802,  307. 

494. 
Smaragdite,  534. 
Smaragdochalcit,  553. 
Smectite,  515. 
Smithaonite  (siliceous  oside  of  sine),  418  4SIL 

423,  513,  538. 
Smoky  quarts,  508. 
Snow  or  ice,  crystals  of;  478. 
Soapstone  (steatite),  511,  538. 
Soda,  sulphate  of,  418,  430. 
Soda  alum,  548. 
Soda,  muriate  of,  552. 
Soda,  striated,  535. 
Sodalite,  397,  803,  807,  550. 
Sodium,  chloride  of,  552. 
SommerriUite,  860,  S63,  368.  365,  526. 
Sommite,  533. 

Sordawalite  (from  Sordaala  in  Finland),  537. 
Sparry  iron,  588. 
Spartalite  (red  oxide  of  zinc),  890,  891,  400, 

Spathose  iron,  588. 


IKDEX.                                                                    £35 

Sp^iefl,^  VHrioun,  ot mineriLle,  4&i. 

Sulphate  of  iron,  541. 

S peculiar  Iron,  JI04. 

Sulptmte  of  lead,  542. 

Sulphate  of  lime,  541. 

Speoiflo  gravity  of  minerali,  bow  to  Uks  the. 

^ulpbate^  of  magnesia,  54U 

4U. 

Sulphate  of  potaih,  HO. 

SpliruiltJerite^  537. 

Sulphate  of  wtyrin,  &40. 

Spbene  (Gr.  tphen  a  vod^ej^  439,  4i2,  443, 

Bulpbftte  of  strontia,  640, 

444,  447,  44S,  450,  4SQ,  620, 

Sulphate  of  fAnv,  HI. 

Sphere  of  preijectloD,    :j2fi|  for  tbo  obljqufl 

Sulpha  to-earbonate  of  lead^  543. 

jyateiili  492, 

Sulpbato-trl-carbonateof  lead,  643. 

Spiiiellfr  (nlumiaate  of  ma^esia),  S&T,  2901, 

Sulphato^ohlorlds  of  copper,  553. 

302,  3(M,  307,  507. 

Sulpha- tellqT«t  of  blatiyuth,  493. 

Spoduinpnc  {Ot.  MpQCha  luihes)^  430,  443,  443, 

Sulphur,  413,  420,  422,  424,  430,  496. 

444,  450,  452,  521, 

Sulptmret  of  manffanese,  499, 

Square  prltm,  351 ;  paramatert,  Byrobolii,  &c.| 

Sulphuret  of  Bine,  496, 

or,,  ib.;  net  for^  3€J;  mlnerala  peculiar  tn 

tbe,  31! 3,  303. 

SulphuTvt  of  eobalt,  497. 

StaUcUten,  537. 

Sulpbarvtofnlakel,  497, 

StannLne  (sqlpburct  of  tin),  297^  303,  4fiS, 

Sulpburet  of  cddmium,  498. 

Stfttuarj  marble^  SM. 

Sulphoret  of  AilTer  and  aopp«r,  4M. 

Eitaumtjpomkou  phone  spar,  519^ 

Bulphttret  of  lend,  499. 

Slaurtilite  (prlBmatle  ganioi;   (Or.  ttavro*  a 

Sulphurat  of  bismuth,  499, 

1          croM),  41 S,  420,  431,  423,  51 9^  flfS. 

Sulphuretoftin,  499. 

Steatite,  511,523. 

Bteintuanaita    (octabfdral  lead  flame«),  S@T, 

Sulpburet  of  nilver,  500,  501,                                  ' 

290,  499, 

Sulphnret  of  antimony,  6O0. 

Stellit«,  520, 

membciUtff,  &27. 

Sulphnret  of  ajitlmonj  and  Ifftd,  500, 

gte  ruber  ^ta  (Qexiblfl  lilTsr),  41S,  4S0|  423, 

Sulphuret  of  antLfoony  nnd  Iron,  501. 

430,  599. 

Sulphnret  of  MlTcr  J4nd  antlmonj,  501,  502. 

St^jnniark,  5tL 

Sulphnret  of  antimonr,  lead,  and  bLwauth, 

Btepbanlte  [brittle^  flulphorct  of  iilver),  41 S, 

501. 

420,  4£1,  422,  450,  50|, 

Sulphnret  of  molybdcna,  603* 

&terGO)frapblc  projMticin  of  tb»  8|^h«Tfi  Mid  In 

Sulphnret  of  oxide  of  antknon  j,  IKI9.                     j 

iaa|>pLni^  0ryfttal»,  5S7, 

SupcTOKide  of  lead,  5n7. 

fitilpnomekn^  391,  513, 

Sui^umltc,  390,  391,  400,  401,  543. 

Stilbite,  4 IS,  42:0,  421,  422,  430,  5l1,  513. 

SyepooTite  [«iilphuret  of  cobatt),  497. 

Bloitile,  360,  562,  863,  364,  3fi7,  Wl, 

SylTine  (ebloride  of  potnusiutn),  297,  29$,  352, 

SiruhlrriB,  545. 

35?Wanite,  413,  420,  422,  424,  430,  493. 

StrahlBtcln,  524. 

Symbol  for  tha  cubi;,  296. 

Streak,  tbfl  property  m  nUed  in  mlnenb, 

SymbolA  of  mineral!,  4^2  et  oeq. 

494^ 

SymbolB  for  the  cube,  296  -,  the  square,  361 ; 

Stria  tad  eodA,  535, 

the  hexagon,  384;  the  rhoinboid,  419;  the 

btrqntlan,  carljonata  ol^  4 13,  430. 

oblique,  440  ;  the  doubly  ohliqae,  459. 

Stronliau,  fluIphatB  of,  417  et  teq/ 

Bymple*ite,  439,  4 #3,  545, 

etfontSAnhe  (enrlioiimte  of fltroaitian),  413,  120, 

SyftmMoferystate,  29i3, 

421,  430,  536. 

Strogiinowitc,  522. 

T 

StroiiHj^rite  {sutphnrct  of  tilifer  kq.^  eopper). 

418,  420,  422,  499. 

Tabl^lftt-  upar,  510, 

StruTite,  413,  422,  433»  439,  55*. 

Tulc-rrlapbique,  516. 

Btylobitp,  52  r. 

TdIc  {potatooe),  513. 

flutMulpbatfi  at  uTinlmn,  04i. 

Talkapatit*?,  550. 

SucciniiU!!,  554, 

Tftlk^hloTite,  I^f4. 

Bulpbatir  of  alumina,  Mi, 

Tainarlte  [rhomboida!  ar»eniAt«  of  eopper). 

Sulii'tiiite  of  ammonia,  540* 

3M,  391,  400,  546. 

Sulphate  of  barTTtua,  540. 

TantDlUo,  413,  420,  431,  450,  Ml, 

SulphiiteofcobB.lt,  6J1, 

Tamowitalte,  536. 

Sulph^ite  of  copper,  542, 

TeUunum,  native,  39 1,  400,  493. 

St* 
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TWimrkiniitli,  S90,  3&I,  i»j. 
Tdlufet  of  tcfldf  41^3, 
TelluretoftUrpr,  «a. 
Tfcliur  filter,  491, 
Tephrott,  SI  3. 
Tcrenltt,  522. 

*rttiii  tu-i  hombic!  #3riiteiii,'i57. 

Tetrflkiii^licxah«flrQfi  (tbefotu 'iii«edeube]t  SOS 
TetrftdjTDlle  (^utpbo-toUttrot  of  blmnathj^  ^§3, 
TcirahedroTi,  SJjQ ;  fiico%  un^lea^cdiea,  &c,,  ofp 

ftndnGt  for,  3^1. 
Tetraklnnit,  5^1, 
Tptrah*?dr!il  copper  dance,  502* 
TFtnliedrAl  botaclte*  Ml» 

T^nimtittte    (dodecalaiedRLl  dfitomie    gluaeej, 

^7,  2&S,  302^  307,  iM^ 
TlialUtff,  520. 
Thju^iMlU(>f  5:17. 
Thcnnrdite  t^ulphatc  of  wd4)»  ilft,  42<^  423. 

4^,  MO. 
Tlicrraiiaatrlte  [prUnmtLc  catlioafttc  of  loda, 

418,  420,421,  424, 430,  535, 
Third  Byst4;tii  of  mincraU— the  tlio&ibalifldrjT, 

S$5;  fonnt  of,  Ib*^  mtuBfaU  beloaginj  to, 

ttS4 ;  axw  of  tbe,  373 ;    ptirameterf,    338  i 

bexAgonal  prktn£,  389;  sup  oTtlie,  3iU 
Tbamftcmltoi  517i 
^     Tlioritt,  ai5. 
Tht»ttHte»  513. 
Tb»e*facedoeU>b(Hlroii,  SO^;  tymbola  of,  lb, ; 

how  tD  Am  V  the,  503 ;  li^et  oft  ib.  j  InclUui- 

Um  of  tho  focci  of,  lb, ;  to  (l^««Hb«  a  net 

Jot,  ib. 
T%Te&,rueGd  tftTabedrsn,  3$4;   faces,  unfilcp, 

jiie«,  edpfs,  &c,  of,  ib,  j  net  for,  355  ;  fornM 

oftbe,  ib. 
Thrombolite,  547* 
ThiilttP,  52G, 
TbmnorsEeint  5iU. 
Tliumitc,  535, 
Tlncftl  {borate  of  soda),43«,  443,  443,  H4,  451, 

152,  534. 
Tin,  SCO,  Sa2,  363,  3G5,  ^67, 
'Hn  BtoDe,  50G, 
Tin-whltJ9  cobalt,  494 
'linp^rltefl,  49U. 
Titanlte,  ^2'i- 
'iltimltic  iron  ^  53-1. 
TLt&nichorl,  5:i^. 
Thorite,  515* 


TTopaitolittf,  T)2t. 

Topast,  4JS,  410,  421,  422,  4J4,  4S0, 4i5l. 

Torbcritv  (eapptr  amnite),  aOO,  3^,  SOa,  SQ^ 

3fi7«54fi, 
Tawnnltf',  3O0,  303,  3fl3,  3^5,  307,  4S^* 
Tbrrellte,  531. 
fourronlltte,  390,  400,  534- 
TrapexoiddlctHiitPlrabodron,  S41t 
^Trap^Koiilnl  nmphLgeni}  spot*  ASU 
Tramolltr,  5^4. 
Trtakt^tmbednni,  994. 
TrCclnpiiite,  527. 
Trlcblohedrlc  ejetom,  457. 
Trlirtmal  dodecahedron,  334* 

Triph^line,    433,    442,    443,    441,    417,    44fl, 

547. 
Triplite  (pbo«pbntc  ofiuBtifatiefte),  417,  517. 
TritomitCj  2^,  fjld, 

Trauft  (priimatoldal  lOda  Milt)»  43t,  535. 
TroHtiU*,  512, 
TKho^kimtv,  520. 
Timf|«|en,  533. 
TuiiKBtiite  of  lime,  ^'Ii2. 
TungBlikt*  of  iron,  33^, 
Tunestate  of  lead,  58S. 
Tulk,  or  calcnnooi  tuff,  5^7. 
Torgite,  505, 
Turi]uoifle^  549. 
Twelre-fiiccd  trapexobcdron,  553;   fafififl,  an> 

glefl;,  fMlgei,  syrobsln,  eutcs,  ^c*^  iKf,  aad  net 

for,  £^, 
Twcnty-four-faH?a  trapczoheditm,  505 ;  how 

to  liraw  the  flK«™  of 4b, ;  not  for,  505 ;  Ujumm 

at  the  507  \  srystuls  which  have  fuoM  putallel 

to  tblB  form,  ib. 
Twin  cr^BtalBf  4G0  ;  net  for,  471 ;   prifUDatiiB 

«j»t«m  of^  475 ;  oMLquo  ftjBtciOg  tb, ;  anoi^ 

thiti  aj-sUrm,  474. 
Two^and-one  zucmbered  tytteia,  49iw 
Tjplcal  foimn  of  cr^HtalR,  2U4, 
TyroUte,  4lSi  420,  121, 423,  54fi, 


Utimatiite  [salpburet  of  astiaumy),  397,  309, 

fl02,  497, 
intimate  iiiolecu]i!«,  5."^, 
Uitcleavafalcj^taph^Liuo  malachite,  £14. 
irni0Dite,52L, 

tTucleaTable  azure  iptt-,  540. 
Unckaifttblc  quattE,  510. 
UncrlejkT&b]ti  iiianKani<H  ore,  509, 
UBclearable  nophrltc  ifmr,  fVlO, 
UnUiiai  mica,  53^.; 
Vralne  [oxide  of  uratLimn],  AOft, 
Uralortbit?,  529> 
Uriu].mle}i,  54H, 
Uran.ochrit,  COS. 
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Urantoantal,  531. 
Uwarowite,  299,  626. 


Valentinlte,  418,  422,  583. 

Vanadinite,  590,  591,  532. 

Vanadiate  of  lead,  532. 

Vanidiate  of  copper,  533. 

Vanquelinite  (chromate  of  lead),  439,  442,  4i7, 

452,  533. 
Variegated  copper,  498. 
Velvet  copper  ore,  542. 
Vermilion,  499. 
Vesuvian,  526. 
ViUarsite,  511. 
Vitreous  copper,  498. 
Vitriol,  white,  541. 

Vivianite  (phosphate  of  iron),  439,  442,  443, 

44i,  447,  44S,  449,  450,  452,  453,  454,  5iG, 
Volborthite  (vanadiate  of  copper),  533. 
Volknerlte,507. 
Voltaite,  £97,  502,  544. 
Voltzine,  503. 
Voraulite,  548. 

W 

Wad  (earthy  manR:nncRe),  504. 

Wagnerite,  439,  442,  444,  447,  450,  451,  452, 

453,  454,  549. 
Walchowite,  555, 

Walframocher  (oxide  of  tungsten), '508. 

Wandsteln,  537. 

Wavellite,  418,  422,  430,  548. 

Websterite,  54i. 

Weissite,  527. 

Wernerite,  522. 

Wliite  arsenical  nickel,  49  i. 

White  antimony,  632. 

White  nickel,  494. 

White  iron  pyrites.  497. 

White  vitrol,  541. 

^Vbewellite  (oxalate  of  lime),  439,  442,  443, 

444,  447,  654. 
Wichtisite,  523. 
Willemite,  390,  391,  400,  512. 
Wismuthocher  (oxide  of  bismuth),  50C. 
Witherite  (carbonate  of  barytes),  418, 420, 421, 

422,  430,  536. 
Withamite,  526. 
Wohlerite,  531, 
Wolchite,  418,  420,  421,  422,  500.* 


Wolchonskoite,  533. 

Wolchite  (antimonial  copper  glance),  500. 

Wolfram  (tungstate  of  iron),  418,  420,  421, 
422,  423,  424,  430,  632. 

Wolfram  ochre,  608. 

Wolfsbergite  (sulphuret  of  copper  and  anti- 
mony), 418,  420,  421,  422,  424,  600. 

Wood  opal,  610. 

Woolastonite  (tabular  spar),  439,  442,  444,  449, 
450,  452,  454,  510,  620. 

Worthite,  515. 

WuUenite,  360,  362,  303,  365,  3G7,  533. 


Xanthocone,  391,  400,  503. 
Xanthophyllit,  512. 
Xanthortite,  529. 
Xenotine,  648. 


Yellow  copper  ore,  493. 

Yellow  sulphuret  of  arsenic,  532. 

Yellow  lead  ore,  633. 

Yellow  uranite,  648, 

Yellow  tellurium,  493. 

Yemte,  525. 

Ytterbite,  628. 

Yttro.illmenite,  631. 

Yttria,  phosphate  of,  548. 

Yttrotitanite,  630. 

Yttrocerite  (pyramidal  cerium  baryta),  55: 

Yttrotontalite,  531. 


Zinckenite  (rhombohedraldystom glance),  5.^:. 

Zeagonite,  519. 

Zenotyne,  360,  362,  365. 

Zeolith,  517. 

Zircon,  360,  362,  363,  365,  367,  514. 

Zindte,  606. 

Zine,  Bolphate  of,  417,  422,  424,  430. 

Ztnc  spar,  688. 

Zinc  glass,  612. 

Zinckenite,  418,  421,  422. 

Zones,  326. 

Zolsite,  439,  443,  444,  526. 

Zorgite  (seleniuret  of  lead  and  copp;r),  IDC. 

Zundererz,  582. 

ZurUte,  626. 

Zurselite,  418. 

Zwiselite  (iron  apatite),  41?,  547. 


